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CHAPTER I. INTRODUCTION 
Soybeans and corn are two agricultural commodities that are 
Important to the United States and to the world. Soybeans are the 
leading oil seed In world trade, and soybean meal Is used as a protein 
source In animal feed. Corn Is the dominant grain In the feed grain 
Industry. The soybean sector Is both affected by and affects the corn 
industry. TWo Interrelated systems facilitate the flow of grain from 
farm to final users: the physical system and the exchange system. The 
physical system provides conditioning, handling, storage and 
transportation services. The exchange system consists of both the cash 
market and the futures market. In tjie U.S., prior to 1981, 55 percent 
of soybean production and 33 percent of corn production were exported 
to other countries, hence, corn and soybean prices are determined both 
inside and outside of the U.S. economy. Soybean and corn cash prices, 
futures prices, and the cash-futures price difference have fluctuated 
because of the time lag in production, weather uncertainty, and changes 
in demand and supply conditions of the markets. The highly volatile 
corn and soybean markets of recent years create a need to reinvestigate 
the behavior of corn and soybean prices and their price relationships. 
This reinvestigation, in turn, provides an insight into the price 
determination processes of the corn and soybean sectors. 
Quantitative knowledge of factors affecting the demand, supply. 
Inventory, export and prices are important in analyzing the economic 
problems of the corn and soybean sectors. In this study, the principal 
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focus is on constructing an econometric model to represent the corn and 
soybean market structures. The model encompasses the supply, demand 
and storage components. As will be demonstrated later, the model uses 
not only cash market Information but also futures market information. 
Futures prices are Incorporated into the model via supply and storage. 
Futures markets provide a forward pricing option so that producers can 
use futures prices as an expected price at harvest time in making 
production decisions. The futures and cash price difference reflects 
the market-determined price of storage which provides a guide for 
storage decisions. The model also includes policy instruments. 
Knowledge of these relationships should help economic analysts or 
policy makers to identify, analyze and forecast the corn and soybean 
prices, quantities and their dynamic structural response to economic 
and/or policy variables. It is hoped that the empirical results of 
this study, based on recent time series data, can increase quantitative 
knowledge about interrelationships among the economic forces and policy 
instruments affecting corn and soybeans. 
Research Justification and Hypothesis 
The recent gyrations in corn and soybean futures and cash prices 
emphasize the need for a better understanding of the price 
determination process. Price behavior is studied because price is a 
key element in production and consumption decisions. Without accurate 
knowledge or information on expected corn and soybean prices (cash. 
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futures and basis), producers earn lower returns on their investments. 
Processors will be uncertain as to the availability and quality of the 
raw products they need in their operation. Finally, consumers may be 
penalized by having to pay higher retail prices to cover the costs of 
inefficiencies resulting from price uncertainties in the production and 
marketing system. Farm Income, trade and commodity policy making can 
be enhanced through increased understanding of the corn and soybean 
market structure and the factors affecting cash and futures price rela­
tionships . 
The focus is on corn and soybeans jointly for a number of reasons: 
(1) The production areas overlap as soybeans and corn compete for farm 
resources and storage and transportation facilities. (2) Both corn and 
soybean meal are used as feedstuffs. Soybean oil competes with corn 
oil and cotton seed oil in the vegetable oil market. (3) The same 
elevators may handle both corn and soybeans in the first stage of the 
marketing system. (4) Futures markets are used extensively by the 
marketing agents for corn and soybeans. Finally, (5) market partici­
pants experience similar problems and opportunities, since both are 
harvested once a year but utilized throughout the year. Integrating 
the two sectors appears to be a correct approach. Consequently, this 
study considers corn and soybean supply, demand and storage in a multi-
commodity model. 
The cash-futures price difference, or basis, can be thought of as 
the price the market is willing to pay for storing com or soybeans 
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from the present until delivery is made. Recently, the real basis for 
both corn and soybeans has become large. It may be hypothesized that 
the supply of storage facilities available for corn (soybeans) has been 
decreased by the increased production and inventories of soybeans 
(corn).l Additionally, because cash and futures prices are systemat­
ically related by the basis, it is hypothesized that both prices are 
jointly determined by the market forces. Therefore, futures prices and 
basis may be treated as endogenous variables that are determined within 
the system. Because of the close similarity in the measures of price 
variation for com and soybeans (indicated in Chapter 2), it is further 
hypothesized that stabilizing corn (soybean) prices will also stabilize 
soybean (corn) prices. With the parameters that result from an econo­
metric model of the U.S. corn and soybean sectors, it will be possible 
to capture both quantity and price effects in both sectors and improve 
the understanding of the price determination processes for both corn 
and soybean commodity markets. 
Purposes of the Study 
Although the development and use of formal models describing the 
corn and soybean sectors has been a continuing area of endeavor in 
econometric research, few commodity models have considered the role of 
futures markets and the essential interdependence of cash and futures 
T^he coefficient of correlation between the real corn and the 
real soybean basis is, Y(FPg - Pg, FP^  - P^ ) = 0.58, indicating a 
positive relationship. 
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markets. Either futures prices are treated as predetermined or cash 
and futures markets are studied separately in corn or soybean market 
models. To overcome these problems, the model developed in this study 
will employ the simultaneous-equation technique to Integrate the corn 
and soybean sectors and incorporate futures price and basis as endoge­
nous variables to model the simultaneous equilibrium in cash and 
storage markets as well as capture futures market interaction. 
The research will also provide an analytical tool for forecasting 
and policy purposes by facilitating the analysis of economic structure 
and price dynamics for both corn and soybeans. Within this general 
framework, two sets of objectives are identified. One encompasses the 
estimation of U.S. com and soybean supply, demand and storage func­
tions. The second set of objectives pertains to the development and 
usefulness of futures prices in the specification of an econometric 
model of the U.S. corn and soybean sectors. The specific objectives 
are; 
I. Model development 
1. To analyze the price characteristics and supply and demand 
relations during the past 20 years in the corn and soybean 
sectors. 
2. To identify economic and other variables that help explain 
the com and soybean futures and cash price relationships 
and their interdependence, and include all possible 
linkages between interrelated variables relevant to these 
two sectors in a theoretical model. 
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3. To calculate the relative magnitude of the effects of 
changes In some of the relevant variables In the form of 
elasticities, impact and dynamic multipliers for 
forecasting and policy purposes. 
II. The role of futures price 
1. To treat the futures price as an endogenous variable In 
the specification of an econometric model. 
2. To test the hypothesis that corn and soybean producers 
respond to futures prices in making production decisions. 
3. To test the prlce-of-storage theory Integrated into the 
model through the storage market, and to discover whether 
corn and soybean storage responds to the differences 
between cash and futures prices for corn and soybeans in 
an annual context. 
In order to fulfill these objectives, a simultaneous equation 
model using crop year data, from 1961/62 to 1980/81, is used to model 
long-run price movements. The final form of the model is estimated by 
autoregresslve three-stage least squares (A3SLS) with principal compo­
nents. Model validation is done by dynamic historical simulation. 
Organization of the Study 
This study consists of nine chapters. The initial chapter con­
tains the statement of the problem, the hypothesis, the objectives and 
the scope of the study. Chapter II is a brief historical review of 
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corn and soybean production, pricing and utilization which helps define 
the scope of the model. Chapter III presents the theoretical Issues 
for the specification of the model. Chapter IV reviews the relevant 
studies Including the empirical partial equilibrium models and the 
theoretical simultaneous equilibrium models in cash, futures and 
storage markets. Then, the fundamental model for corn and soybeans is 
developed. Chapter V outlines the structural model for the empirical 
study. Â detailed description of the nature of each relationship and 
the relevant variables that enter into each equation are contained in 
this chapter. Chapter VI describes the econometric techniques that are 
used to estimate the single and the simultaneous equation models. The 
simulation procedure and the algebra of multipliers are also discussed. 
Chapter VII presents the empirical results of the final model, as well 
as an Interpretative discussion, the relevant elasticities and other 
results of Interest. Chapter VIII evaluates the model's performance, 
and multipliers are calculated for the analysis of the external shocks. 
Finally, Chapter IX gives the summary and conclusions of the study. 
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CHAPTER II. AN OVERVIEW AND TRENDS OF THE U.S. CORN 
AND SOYBEAN INDUSTRIES 
The corn and soybeans sectors are an Integral part of the U.S. 
food system. The dynamics of the U.S. corn and soybean system are best 
understood by specifically considering the domestic consumption and 
supply sectors and the factors affecting the system, as well as exports 
which link the domestic sector to International markets. This chapter 
is an overview of the production, utilization and price behavior of the 
U.S. corn and soybean sectors during the period 1961/62 through 
1980/81. This review provides economic and statistical Information 
forming the basis of a realistic econometric model. Three issues to be 
addressed are the U.S. corn and soybean supply-disposition structure; 
changes in the major components of supply, utilization and price rela­
tionships; and trends in supply, utilization and prices. 
An Overview of the U.S. Corn and Soybean 
Production and Marketing System 
In agricultural production and marketing, the point of production 
is the basic source of supply. The marketing process begins at that 
point and continues until the consumer buys the product or until it is 
purchased as a raw material for another phase. 
U.S. corn and soybean production and location 
The United States is the largest producer of com and soybeans in 
the world. Annual U.S. corn production generally exceeds 50 percent of 
total world corn production and U.S. soybean production exceeds 
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70 percent of total world soybean production. During the 1970s, U.S. 
corn production doubled and soybean production grew to 2.5 times that 
of the 1960s. This expansion was the result of increasing acreage and 
yields. Soybeans are now a significant crop grown in thirty of the 
fifty states and some corn is grown in almost every state (Figure 
2.1) .  
The Corn Belt region still produces more corn and soybeans than 
any other region. It accounted for 46.2 percent of corn acreage plant­
ed and 44.9 percent of soybean acreage planted on average from 1978-
1980. Com and soybeans are the predominant competitors for land and 
other Inputs in this region. 
The Lake State region has shown the greatest increase in acreage 
planted and production (Hill et al., 1982, p. 13). This region ac­
counted for 17.1 percent of the total corn acreage planted during this 
period. Little growth in the Lake State's soybean acreage planted has 
occurred in the last three years. Most of the corn and soybean crop­
land in this region is found in areas adjacent to the Corn Belt. 
The Plains States region contributed about 7.7 percent of the 
soybean acreage planted during 1978 to 1980. Most of the soybean acre­
age in this area is found in the region bordering the Com Belt and the 
Lake States. Corn acreage planted increased in this region because of 
the development of new irrigation methods and sources. This region 
accounted for 18.4 percent of U.S. corn acreage planted in 1978 through 
1980. 
Pacific 
0.80% 
0.00% 
6.347 
9. 
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States 
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8.69% 
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Corn 
Soybean 
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18.33% 
,50.90% 
Figure 2.1. Acreage planted for all purposes 1978-1980 
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In the Delta States and Southeast, corn acreage remained at a low 
level of about 4 percent of total planted acres. However, soybean 
acreage has continued to expand during the last 20 years. During the 
1970s, the rate of increase of soybean acreage averaged 14 percent per 
year (USDA, Crop Production). Some of this expansion has been on newly 
opened cropland, but much of the land now in soybeans was previously 
devoted to corn, small grains or cotton. Cotton and corn acreage has 
been declining in these regions as a result of government acreage-re­
striction policies, the movement of cotton production to the west and 
the strong competitive position of soybeans. In these regions, soybean 
acreage accounted for more than 30 percent of U.S. total acreage dur­
ing the 1978/1979 through the 1980/1981 period. 
The regions of Atlantic States and Others have experienced steady 
growth in soybean acreage while their share of U.S. com total acreage 
has diminished (Llvezey, 1981, p. 11). The shares of corn and soybean 
acreage planted was 11.8 percent and 8.4 percent, respectively, during 
1978-1980. Declines in cropland devoted to cotton and corn have accom­
panied the increase in soybean acreage in the Atlantic states. Other 
regions including the Pacific and Mountain areas do not produce soy­
beans, and com acreage represents only 2.7 percent of the total U.S. 
corn acreage planted. 
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Thus, the main soybean production areas overlap the main corn 
production areas. The main factors affecting corn and soybean crop 
land uses are (1) government policies for corn and other competing 
crops (2) weather conditions and (3) relative prices of corn and soy­
beans or competing crops. The quantities of com and soybeans harvest­
ed depend on acreage planted, crop survival^  and yield per harvest­
ed acre. 
Farmers in the U.S. make production decisions and plant corn 
and/or soybeans in the third quarter of the crop year (March-May) and 
harvest during the fall (September-November). 
The general marketing system of U.S. corn and soybeans 
After harvesting, corn and soybeans may be sold, stored or used on 
the farm as feed or sbed. As indicated in Figure 2.2, corn and soy­
beans flow from the farm to final uses through farm marketing and de­
livery activities. Farmers usually sell most of their corn and soy­
beans to country elevators either at harvest time or after a period of 
farm or commercial storage. In a few instances, producers sell direct­
ly to processors. 
A small proportion of the volume of corn and soybeans purchased by 
country elevators is resold to farmers for seed; however, most is sold 
to dealers in terminal markets, to domestic processors, or to 
T^he crop survival ratio is defined as the proportion of har­
vested acres to planted acres. 
Farm Level 
Beginning Stocks 
Production Commercial Level 
Import 
Yields 
Crop 
Acreage 
Seed 
Use 
Crop 
Survival 
On Farm 
Feed Use 
Farm 
Marketing 
Supply 
Domestic 
Disappearance 
Ending 
Stocks 
Exports 
Storage Ending 
Stocks 
Beginning Stocks 
Futures 
Market 
Farm Deliveries 
Cash 
Market 
Figure 2.2. Corn and soybean general supply-disposition structure 
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exporters. Almost all of the soybeans purchased by terminal market 
firms are sold to exporters or to U.S. processors for crushing. 
Aid t^ ache orderly marketing of corn and soybeans are the highly 
organized»trading facilities of the Board of Trade in Chicago, Illi­
nois, that bring sellers and buyer-processors together. The Chicago 
Board of Trade is the world's largest grain exchange. The Board and 
the services it provides facilitate the orderly trading and movement of 
soybeans from farms to country elevators, and then on to firms in the 
terminal market, and finally to processors and exporters. The Board 
does not buy or sell, nor does it set prices; it is a marketplace where 
approximately 1,400 members buy and sell for their own firms or repre­
sent thousands of clients. The Board also provides facilities for the 
sale and movement of soybean oil and other vegetable oils. 
There are two types of markets for com and soybeans—the cash 
market and the futures market. In the cash market, corn and soybeans 
are bought and sold regardless of their location and final destination. 
Buyers in this market are generally processors who buy com and soy­
beans in the country and intend to process them at one of their plants, 
exporters who buy corn and soybeans to ship abroad on contracts already 
made or in anticipation of contracts, or owners of terminal elevators 
buying on their own account. Sellers in the cash market are producers 
and country elevators who ship to market and sell before the beans 
arrive, while they are in transit or after they have actually arrived 
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arrived in the market, and brokers who represent the country proces­
sors, country elevators, or other sellers. All corn and soybeans going 
through the Chicago market are sold by sample. Samples are graded 
according to Federal Standards by licensed Inspectors. 
The futures market handles contracts for future deliveries. There 
are strict regulations established by the membership, and the exchange 
Is licensed by the U.S. Department of Agriculture as a futures contract 
market. The Board of Trade specifies the quality of all com and soy­
beans to be delivered on a futures contract and it spells out all de­
tails of a complete contract. 
The reasons that firms utilise the futures market in their normal 
operation corresponds in many ways to production-marketing coordina­
tion. The futures market grew out of a need for hedging, or forward 
contracting. But the amount of use of the futures market varies con­
siderably among industries, firms within industries, and over time. 
Common reasons for using the futures market are for firms or farmers to 
forward price, to price inventory by applying the futures and cash 
price differentials, to transfer risk in price level changes on inven­
tory, to enlarge financial opportunities, to ensure profit opportuni­
ties, to stabilize production and procurement of supplies, and to in­
crease efficiency through specialization. 
It has been found that com and soybean merchants use the futures 
markets (a) to hedge their price risk in carrying corn and soybean 
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stock (Gunnelson and Farris, 1970; Tomek and Gray, 1971; and Tomek, 
1978) and (b) to forward price since futures prices can be viewed as 
expected prices for production decisions (Tomek and Gray, 1971 and 
Tomek, 1978). 
Corn and soybean futures markets provide an efficient pricing 
institution for a seasonally produced crop with continuous inventories. 
The main purpose of this pricing institution is for temporal allocation 
of commodities, risk shifting and price discovery. 
Figure 2.2 shows that ending stocks are the observable outcome of 
storage decisions. As indicated above, these stocks are allocated by 
cash and futures price relationships. Futures markets facilitate pri­
vate storage decisions by providing a market-determined price of stor­
age. Storage creates supply-demand equilibrium in the following pe­
riod, and adds a dynamic time element to the marketing system. 
The corn and soybean demands in this study are characterized as 
intermediate demands since additional processing is typically required 
before products reach the final consumers. The consumption patterns 
for corn and soybeans have a sequential structure and need to be fur­
ther identified to formulate the evaluative framework. Figure 2.3 
depicts the consumption pattern for corn, while Figure 2.4 Illustrates 
the pattern for soybeans. 
Corn production is used for seed, feed, food exports and storage. 
Feed use may involve direct consumption or require additional 
17 
CORN PRODUCTION 
SEED FEED FOOD/INDUSTRY EXPORT STORAGE 
LIVESTOCK AND POULTRY 
PROCESSING 
FINAL UTILIZATION 
Figure 2.3. Typical consumption pattern for corn 
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SOYBEAN PRODUCTION 
SEED EXPORT CRUSHING STORAGE 
SOYBEAN MEAL 
PRODUCTION 
FEED 
I r 
EXPORT 
SOYBEAN OIL 
PRODUCTION 
STORAGE FOOD EXPORT STORAGE 
LIVESTOCK AND POULTRY 
PROCESSING 
1 
FINAL UTILIZATION 
Figure 2.4. Typical consumption pattern for soybeans 
and their products 
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processing before reaching the livestock and poultry sectors. Food 
uses usually require further processing. 
Soybeans are also used for seed, exports and storage (Figure 2.4). 
Domestic utilization is mainly via crushing for meal and oil. Although 
soybean oil and meal are linked by common origins and are jointly sup­
plied, soybean oil and soybean meal enter into essentially independent 
markets. The meal flows into the livestock market while oil goes to 
manufacturing industries using fats and oils. Each may be processed 
before reaching final consumers in both domestic and foreign coun­
tries. 
Historical Review of Supply, Utilization, Storage 
and Price Characteristics of the U.S. Corn and 
Soybean Sectors (1961/62-1980/81) 
Historically, there have been several factors that affect the U.S. 
corn and soybean industries. This section focuses on the impact 
these factors have had on the industries as well as the underlying 
trends of these industries. 
Supply of corn and soybeans 
The annual U.S. supply available for domestic uses and exports 
consists primarily of production and carryover from the previous crop 
in storage (USDA Agricultural Statistics). Soybeans are not imported, 
while corn imports have been small and do not significantly affect 
annual supply. 
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Total corn and soybean production varied with changes in acreage 
planted, crop survival and yield per harvested acre during the 1960s 
and 1970s. 
Trends in acreage planted 
Corn acreage planted The corn acreage planted exhibited 
sizable variations during the study period (Figure 2.5). Due to a 
government acreage control program resumed in 1961, the acreage planted 
stabilized at about 67 million acres during the 19608 and early 1970s. 
Thereafter, farmers generally increased corn acreage in response to 
greater demand in the export market and removal of government supply 
controls. Approximately 26 to 27 million acres of com land were idled 
in 1969/70 (USDA Crop Production). 
Controls remained in effect up to 1972/73, but were removed during 
the four years from 1973/74 to 1976/77. Acreage increased and exceeded 
81 million acres (about the same as that of the early 1950s). Controls 
were reinstituted in 1978/79 and 1979/80, but acreage idled was much 
less than in 1969/70 with less than 3 million acres of corn acreage 
withheld from production. There were no acreage restrictions in 
1980/81 and the corn acreage planted rose again. Less government con­
trol and higher domestic and export demand in the 1970s yielded an 
annual growth of 1.58 million acres per year, which was 4.5 times that 
of the 1960s when growth was 0.36 million acres per year (Table 2.1). 
Soybean acreage planted The soybean acreage planted 
increased rapidly from about 27 million acres in the early 1960s to 
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of com and soybeans® 
1961/62-1970/71 ~ 
Intercept Slc^  F2 
1971/72-1980/81 ~ 
Ihterœpt Slope laterœpt Slope B2 
Com 
Acreage planted 
(mil. ac.) 
Ifarvested acreage 
(mil. ac.) 
%elds per har­
vested acare (bu.) 
Tbtal producticm 
(rati, bu.) 
Soybean 
Acreage planted 
(mil. ac.) 
Harvested acreage 
(rati, ac.) 
TSfilds per har­
vested acre (bu.) 
Tbtal production 
(rail, bu.) 
64.98 0.36 
(1.28)** 
55.84 0.28 
(1.05)** 
59.96 2.29 
(4.95)* 
3318.45 155.61 
(4.13)* 
25.48 
24.70 
23.26 
554.83 
1.84 
(12.52)* 
1.83 
(11.74)* 
0.35 
(3.67)* 
59.67 
(12.29)* 
0.65 
0.51 
0.73 
0.75 
0.94 
0.95 
0.60 
0.94 
54.08 
43.64 
70.66 
2510.37 
1.58 
(4.04)* 
1.55 
(5.55)* 
1.34 
(1.27)** 
0.67 
0.79 
0.52 
238.60 0.60 
(3.47)* 
13.96 2.76 0.82 
(5.99)* 
13.99 2.69 0.81 
(5.81)* 
23.36 0.30 0.45 
(1.19)** 
119.04 93.84 0.65 
(3.89)* 
60.83 
51.80 
62.25 
3045.96 
23.58 
22.94 
23.50 
484.65 
IJJ. 
(7.51)* 
0.76 
1.00 0.76 
(7.63)* 
1.87 0.71 
(6.87)* 
201.41 0.55 
(10.13)* 
2.17 0.94 
(17.27)* 
2J.3 0.94 
(17J.5)* 
0.32 0.53 
(4.52)* 
70.99 0.88 
(11.49)* 
T^rend refers to time (t = 1, 2, ..., 20) in r^ ression analysis. 
*(beffictent significance at 1% level. 
**Cbefficlent significance at 10% level. 
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approximately 69 million acres by the late 1970s for an average annual 
growth rate of 5.06 percent. Unlike corn, wheat or cotton, soybeans 
have never had acreage controls or planting restrictions. Since corn 
and cotton are often produced in the same areas as soybeans, the acre­
age restriction in these crops enabled rapid expansion of soybean acre­
age planted. Figures 2.5 and 2.6 show that the com acreage control 
program in the 1960s and the set-aside program of 1971-72 and 1977-79 
significantly affected soybean acreage planted (USDÂ Fat and Oil Out­
look and Situation). 
Soybean acreage planted increased more rapidly than corn acreage 
planted. The growth of soybean acreage planted during the past two 
decades of 2.17 million acres per year was about twice that of corn's 
1.11 million acres per year. Increased world and U.S. demand for 
soybeans and soybean products, together with acreage control on 
competing crops in the U.S, acted to maintain a favorable soybean to 
corn price ratio, and hence brought more land into soybean production. 
Government programs can directly or indirectly affect the corn and 
soybean acreage planted. A farmer's enrollment in a program, however, 
does not lock in participation, so price movements for com and soy­
beans as well as weather factors can affect the final acreage mix. 
Since weather is unpredictable, and both corn and soybeans are sold in 
commodity markets, farmers generally look at their price relation­
ships . 
SOYSA Mil. ac 
- HAB 
-YPHS 
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Figure 2.6. Plot of soybean acreage planted (SOYSA), acreage harvested (HAB) 
and yield per harvested acreage (YPHS) 
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Historically, year-to-year changes In the soybean-corn cash or 
futures price ratios have been good Indicators of changes In soybean 
and corn acreage. Recently, the soybean-corn price ratio has changed 
substantially from year to year as the Influence of government programs 
has diminished and market forces have become more direct determinants 
of price. Acreage shifts between soybeans and com have been Influ­
enced by the expected market prices of corn, soybeans and their 
competing crops. Use of the following regression analysis based on 
1961/62 through 1980/81 annual price data substantiates this fact: 
(3.84)*1 
FP^  
c 
(3.49)*1 
where 
Ac = corn acreage planted (M. acres) 
Ag » soybean acreage planted (M. acres) 
Pc = corn cash price received by farmers ($/bu.) 
Pg = soybean cash price received by farmers ($/bu.) 
FPc = December corn futures price ($/bu.) 
FPg = November soybean futures price ($/bu.) 
Is t-value and coefficient significance under 1 percent 
level. 
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These results Indicate that a one unit increase in either the cash 
or the futures soybean to com price ratio would increase the share of 
As 
soybean acreage planted and decrease the share of corn acreage 
Ac planted by the same amount. Hence, during the past twenty 
years, as the soybean-corn price ratio became large, the share of 
soybean acreage increased and the share of corn acreage decreased. 
Thus, if one crop appears more profitable than the other, acreage will 
be taken out of production of the less profitable crop and used in the 
production of the more profitable crop. 
Trends in harvested acreage and crop suirvlval 
Corn acreage harvested and crop survival Corn acreage 
harvested fluctuated with acreage planted, but the ratio of acres 
harvested to acres planted (the crop survival ratio), was around 86 
percent. Deviations are attributed to abnormal weather conditions. 
High temperatures and lack of precipation during the growing season 
resulted in more acreage being utilized as silage or forage. Over the 
last two decades, harvested acreage Increased at an average rate of 
1.00 million acres a year, which was smaller than the growth rate of 
planted acreage. 
Soybean acreage harvested and crop survival Unlike corn, 
soybean acreage harvested Increased more consistently with planted 
acreage. Figure 2.5 shows that both harvested and planted acreage 
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moved very closely over time. The ratio of harvested acreage to plant­
ed acreage for soybeans was about 97 to 98 percent. The soybean crop 
survival ratio was larger than that for corn, because soybeans are 
better adapted to climatic fluctuations to the extent of being drought 
resistant, while corn requires high moisture and is very sensitive to 
frost. 
Trends in yield per harvested acre 
Com yield per harvested acre Corn yield per harvested 
acre in the U.S. increased from 62.4 bushels per acre in 1961/62 to 
91.0 bushels per acre in 1980/81, an average annual growth rate of 2.0 
percent. The most Important factors contributing to this trend in 
yields are changes in technology and production practices. Introduction 
of new hybrids, and an increased rate of fertilizer application. 
Although corn yields generally increased, Figure 2.5 reveals vari­
ability around the underlying trend due to unstable weather conditions, 
com disease and Increases in input costs that affected input use. For 
instance, poor weather and corn blight in 1970/71 and drought and high­
er cost of com production in 1974/75 and 1980/81 caused sizeable de­
creases in yield per harvested acre. In 1972/73 and 1979/80, favorable 
weather and low fertilizer prices improved yield per harvested acre 
substantially. 
Annual corn yields per harvested acre showed greater variation in 
the 1970s than in the 1960s (Figure 2.5). Also, increases in yield per 
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harvested acre in the 19708 were smaller compared to the rate In the 
19608 (Table 2.1). 
Soybean yield per harvested acre Soybean yields per har­
vested acre were relatively stable during the 1960s with an average of 
25.1 bushels an acre. Yields rose gradually after 1971/72 and dis­
played greater variation (Figure 2.6). Enhanced soybean yields have 
resulted from the introduction of new varieties suited to local 
climatic conditions, improved weed, insect and disease control, and 
better management practices. The variability is similar to that of 
corn and was due mainly to weather uncertainties. However, soybean 
yields per harvested acre grew less rapidly than corn yields during the 
sample period (Table 2.1). 
Trends in production 
Corn production U.S. corn production in the 1960s and 
1970s grew roughly 156 million bushels and 239 million bushels a year, 
respectively. The growth can be attributed to both expansion in 
planted (harvested) acreage and increases in yield per harvested acre 
with the latter being most important. The annual 2.0 percent growth 
rate of yield per harvested acre was greater than the 1.30 percent 
growth rate of acreage planted for the entire period 1961/62 to 
1980/81. 
Since 1970/71, corn production has fluctuated from a low of 4152 
million bushels (1970/71) to a high of 7938 million bushels (1979/80). 
Most of the fluctuation in total production is due to change in yield 
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per harvested acre rather than to adjustment in acreage planted. In 
the crop years 1970/71, 1974/75, corn production decreased sharply 
because yield per harvested acre was sharply reduced and offset planted 
or harvested acreage increases (Figure 2.5, 2.9). Production fell to 
its lowest point during the 1970s. In 1980/81 corn production declined 
sharply again due mainly to poor weather conditions. However, as shown 
in Figure 2.5., even though the acreage reduction program reduced acre­
age planted in 1972/73 and 1978/79, highly favorable yields per har­
vested acre practically offset the government's effort to control 
supply. This situation also occurred during the 1960s when government 
acreage controls were in effect. 
Soybean production U.S. soybean production during the 
1970s was double that of the 19608. Between 1961/62 and 1970/71 pro­
duction increased an average of about 60 million bushels a year and 
increased 94 million bushels for the period 1971/72 to 1980/81. Unlike 
corn, soybean production was due mainly to expansion in planted acreage 
rather than increases in yield per harvested acre. The estimated annu­
al growth rate of yield per harvested acre of 0.34 percent was smaller 
than the growth rate of planted acres of 4.9 percent. 
Before 1972/73, soybean production fluctuated widely due to insta­
bility in both yield per harvested acre and acreage planted. As indi­
cated in Figure 2.6, soybean production, planted acreage and yield per 
harvested acre did fluctuate in the same direction. Temporary 
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interruptions of production in 1974/75, 1976/77 and 1980/81 were caused 
primarily by extremely unfavorable weather conditions (USDA Crop Pro­
duction) . It affected harvested acreage, yield per harvested acre and, 
in turn, total production. 
Corn and soybean utilization 
Total utilization of corn and soybeans showed an upward trend 
during the 1960s and 1970s (Figure 2.7 and 2.8). For the entire period 
1961/62-1980/81, the annual average growth of corn and soybean utili­
zation was 175.4 and 72.5 million bushels per year, respectively (Table 
2.2). Generally, rising Incomes and increasing demand for meat prod­
ucts created demand for com feed and high-protein soybean meal. 
Corn feed utilization Corn accounts for about 80 percent of 
the total quantity of grain fed to livestock in the U.S. (USDA Feed 
Outlook and Situation). Demand for corn by livestock and poultry pro­
ducers is highly seasonal, with peak use in the fall and winter. Feed 
use is usually the lightest during the summer reflecting greater uses 
of other feed or wheat when prices are at seasonal lows. 
Corn feed use started to expand during the 1960s and became more 
variable In the 1970s (Figure 2.7). The variation in feed use reflect­
ed the change in the number of animals fed as well as ration adjust­
ments made by livestock and poultry producers in response to relative 
price changes and changing availability of corn and competing feed 
ingredients. As shown In Figure 2.7, com feed utilization 
7 0 0 0  
6 0 0 0  
5 0 0 0  
4 0 0 0  
3 0 0  0  
Mil. bu 
CORD 
w 
2000 
1 0 0 0  
0 • 
- CORMX 
- CORDH 
-CORDS 
1 9 6 1  1 9 6 3  1 9 6 5  1 9 6 7  1 9 6 9  1 9 7 1  1 9 7 3  1 9 7 5  1 9 7 7  1 9 7 9  
Figure 2.7. Plot of total utilization (CO), feed use (CORDF), 
food use (CORDH), seed use(CORDS) and export (CORMX) of corn 
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Figure 2.8. Plot of total utilization (SO), crushed (SOYSC), 
seed use (SOYDS) and export (SOYMX) of soybeans 
Ihble 2.2. "Drend values in com and soybean utilization^  
1971/72-1980/81 196iy62-1980/M~ 
Intercept Sope Intercept Slope R2 
1961/62-1970/71 ~ 
Intercept Slope 
Gom 
fted (ndl. bu.) 
Export (mil. bu.) 
Rx)d (mil. bu.) 
Sëed (mil. bu.) 
Soybean 
QrusMng 
(mil. bu.) 
Eqnrt 
(mil. bu.) 
Sbed 
Qnil. bu.) 
2895.73 86.45 
(5.53)* 
406.45 19.06 
(2.49)* 
306.36 6.07 
(8.49)* 
9.88 0.48 
(4.66)* 
367.61 
102.07 
32.52 
34.44 
(9.41)* 
29.59 
(8.82)* 
1.81 
(8.71)* 
0.77 
0.41 
0.89 
0.71 
0.91 
0.90 
0.89 
3471.43 30.63 0.49 3046.57 57.65 0.60 
(0.64) (4.68)* 
-1126.34 163.91 0.92 10.89 90.59 0.83 
11J.1 
163.84 
-92.04 
30.27 
(9.74)* (9.36)* 
-8.73 34.54 0.94 232.65 19.09 0.86 
(11.80)* 
0.49 0.73 9.45 
(4.63)* 
(10.42)* 
0.59 0.91 
(14.28)* 
45.96 0.82 361.00 38.99 0.92 
(6.05)* (14.56)* 
44.73 0.83 71.05 34.53 0.92 
(5.57)* (14.92)* 
2.03 0.73 31.98 1.92 0.94 
(4.66)* (1835)* 
%rend refers to time (t»l, 2, ... 20) In regression analysis. 
*Q3efflcient significance at IX level. 
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trended upward from 2.9 billion bushels in 1964/65 to a record high 
level of 3.8 billion bushels in 1969/70 (Table 2.2). Favorable live­
stock feed price ratios and high moisture corn were expected to result 
in continued heavy feeding per animal unit during this period. The 
annual growth of corn feed use was about 86 million bushels per year 
from 1980/81 to 1970/71. After 1970/71, feed utilization grew on an 
annual basis but generally at a slower rate than production (Table 2.1 
and 2.2). Com feed uses Increased between 1971 and 1973 due to favor­
able livestock-feed price ratios and an increase in the number of live­
stock in terms of grain consuming animal units. 
In the crop year 1974/75 however, high corn prices induced by 
drought and heavy foreign demand forced U.S. livestock producers to cut 
back their livestock production and use of com grains. Corn used for 
feeding purposes declined from 4181 million bushels in 1973/74 to 3180 
million bushels in 1974/75, the lowest level during the 1970s. Half of 
this decline was due to the liquidation of large numbers of cattle and 
the substitution of roughage feed for corn feed. Corn consumption 
recovered after 1974/75 as livestock prices improved and as com pro­
duction and stocks increased. However, in 1980/81. corn feed use fell 
again, possibly because poor weather reduced production. The trend 
value during the 19708 had a positive sign though the coefficient of 
the t-test was nonsignificant. For the entire period 1961/62 to 
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1980/81, the trend value is 57.7 million bushels, which was less than 
the corn export trend value of 91.0 million bushels. 
Soybean crush utilization Soybeans are primarily sold as in­
puts to crushing mills which process the beans to produce soybean meal 
and oil. The meal is used for direct livestock feeding by formula feed 
manufacturers and industrial processors, while the oil is used in mar­
garine, shortening, cooking oils, and salad oils. 
The quantity crushed varied from year to year (Figure 2.8), de­
pending upon the availability of beans and the demand for meal and oil. 
Although the quantity of beans processed relative to total supply de­
clined from 61 percent to about 50 percent between 1961/62 and 1980/81, 
bean crushing totaled over one billion bushels after 1977/78 and 
actually increased 135 percent above the initial level in 1961/62. 
Technological changes in the soybean processing industry have 
improved extraction efficiency. The reduced costs that have resulted 
from this technology have enhanced the competitive position of soybean 
products and fueled the demand for them, with a resulting increase in 
crushing demand. The annual growth during the 19608 was 34.5 million 
bushels per year, while it was 46.0 million bushels per year in the 
1970s (Table 2.2). In recent years, soybean crushing continued to 
increase not only because of increasing crushing capacity but also 
because demand for soybean oil and protein continued to rise and U.S. 
soybean products remained competitive in world markets. Rising incomes 
encouraged improved diets, which included livestock and poultry 
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products. This, in turn, generated rising demand for U.S. soybeans and 
feed grains. Soybean oil continued to gain an ever-increasing share of 
the domestic food fat market. 
In the crop year 1974/75, soybean crushing fell sharply to 701 
million bushels, the lowest level of the 1970s (Figure 2.8). A cost-
price squeeze on livestock and poultry producers resulted in a substan­
tial decline in feeding of feed grains and high protein supple­
ments.1 In addition, a recession combined with continual inflation 
and uncertainties facing the U.S. and the world, curtailed soybean oil 
and meal uses and reduced the crushing rate. 
The demand for soybeans and their products have joint product 
characteristics. Heady (1952, p. 203) defined joint products of fixed 
proportion as, . . commodities which, if they are produced at all, 
are forthcoming only in inflexible proportions, and when one of the 
products is produced it cannot be produced alone but must be accompa­
nied by one or more others." Thus, soybean oil and meal are joint 
products produced in fixed proportions.% Since soybeans are 
N^ormally, high-protein meal (e.g. soybean meal) and feed grains 
(corn, barley, and oats) are considered as complements in feeding 
rations. In soybean meal and corn, the substitution is possible with­
in narrow limits due to nutrient considerations. 
T^echnically, one bushel of soybean produces approximately 48 
pounds of meal and 11 pounds of oil. 
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crushed in order to produce the joint products, oil and meal, and de­
mand for soybeans to be crushed depends heavily on the price of soy­
beans , we would expect the correlation between price of soybeans and 
their products to be highly significant: 
ï(P^ , - 0.89 
'•.l' • 
where 
Pg = wholesale price of soybean, #1 yellow 
= soybean meal price, 44% protein, Decature 
P , = soybean oil price 
ol 
Soybean meal Is the major source of hlgh-proteln feed. Other 
sources of protein available to the feed Industry are animal proteins 
consisting of fish meal, meat scraps, tankage and synthetic urea and 
plant proteins consisting of oil seed meal such as soybean meal, 
cottonseed, peanuts, sunflower seed, rapeseed, linseed, crop and palm 
kernals. 
In general, increasing demand for soybean meal substitutes would 
reduce soybean meal use and decrease soybean crush. Soybean oil com­
petes with animal and vegetable fats and oils, especially those used in 
food production. Soybean oil has come to dominate the market for fats 
and oils in the U.S. But cottonseed oil, corn oil and palm oil still 
occupy a noticeable position in the vegetable oil and shortening 
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manufacturing sector. Lard and butter compete with soybean oil in 
animal fat and oil markets. Increasing the availability of these 
various oil and fat substitutes would decrease the use of soybean oil 
and reduce the soybean crushing rate (USDA Fat and Oil Outlook and 
Situation). 
Exports The second major component of total U.S. corn and 
soybeans disappearance is export demand. These exports have shown an 
upward trend since 1970/71. 
Corn exports Corn exports have had a significant Impact 
on the U.S. com market. Exports averaged about 13 percent of total 
annual disappearance between 1961/62 and 1971/72. Since 1972/73, 
exports have averaged approximately 27 percent of annual disappearance. 
The primary Importers of U.S. corn are western Europe (EEC) and Japan. 
Together they accounted for over 50 percent of the total U.S. corn 
exports in 1980/81. Although the USSR Increased corn imports from the 
U.S., this increase accounts for only a small proportion of total U.S. 
exports (about 9 percent). 
Corn exports generally ranged from 500 to 600 million bushels 
during the middle 19608. Since 1972, U.S. corn exports Increased more 
than 1 billion bushels. There was a drop in 1974/75 due to a major 
shortfall in U.S. corn production and a worldwide recession, but by 
1979/80 exports reached 3.4 billion bushels. Exports decreased 
slightly in 1980/81 (Figure 2.7) because of short supply and a U.S. 
dollar revaluation. 
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Export utilization was relatively stagnant during the 1960s 
(Figure 2.7), with an annual growth of only 19.06 million bushels. 
However, stagnation in commercial exports was replaced by very rapid 
growth over the entire period of the 1970s when the annual growth was 
163.91 million bushels per year, eight times that of the 19608 (Table 
2.2). The rise in foreign demand for U.S. com has been especially 
pronounced due to limited production in several important grain export­
ing countries such as Canada, Australia and South Africa, and large 
consuming countries such as India and China. Several poor crops were 
produced in the USSR, leaving a substantial gap between supplies and 
feed requirements (USDA Feed Outlook and Situation). Rising incomes in 
developed countries encouraged greater consumption of meat, poultry and 
dairy products. This boosted demand for feed ingredients. Japan, the 
USSR and several industrialized countries in western Europe are good 
examples of where this occurred. 
After 1970/71 the U.S. dollar declined in value relative to other 
currencies (IMF International Financial Statistics). The dollar's fall 
reduced the cost of U.S. products to foreign buyersIncreases in 
ocean freight rates have also Influenced domestic and foreign corn 
movements during the 1970s. 
O^n average, the cost of U.S. goods abroad was reduced by about 
15 percent as a result of devaluation during the 1970s (Gallagher et 
al., 1981). 
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Corn usually competes with other feed grains in foreign feed grain 
markets and this competition influences the availability of competing 
feed grains for export and the relative prices of other grains. Also, 
U.S. com exports are affected by competing exporters. U.S. corn ex­
ports are further affected by trade policies, tariffs, import quota, 
embargoes and other political agreements. For example, the EEC, under 
the Common Agricultural Policy (CAP), uses a threshold price to estab­
lish a floor on the price of imported gains. The threshold prices for 
grains are maintained by variable import levies (Sampson and Yeats, 
1979). 
As indicated in Table 2.2, the annual growth of exports was great­
er than the annual growth of domestic feed utilization. This would 
lead one to expect that the role of export demand in price variability 
increased with the increasing importance of exports in the overall 
utilization of corn grains. 
Soybean exports U.S. soybeans have become the nation's 
leading export during the last 15 years. U.S. exports accounted for 
over 80 percent of total world soybean exports since 1961/62 and 
reached about 94 percent in 1971/72 (USDA Foreign Agricultural Trade of 
U.S.). However, after 1972/73, this proportion decreased as Brazilian 
soybean exports increased rapidly. Brazilian exports of soybeans re­
flect a tremendous growth in that country's production (USDA Fat and 
Oil Outlook and Situation). 
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Since the 1960s, exports of soybeans have shown a strong upward 
trend (Figure 2.8). The bulk of the exports have been in the form of 
beans, although oil and meal exports have increased dramatically. The 
major importers of U.S. soybeans are Japan and the western European 
countries, notably West Germany, Netherlands and Italy, which accounted 
for over 70 percent of total U.S. exports. Soybean exports were about 
250 million bushels during the middle of the 1960s. After 1970/71, 
exports were double those of the 1960s. The annual growth during the 
1970s was 44.7 million bushels per year and was greater than that of 
the 1960s (Table 2.2). The reasons for increasing soybean exports 
during the 1970s were similar to those for corn: Worldwide Increasing 
consumer incomes and demand for livestock and livestock products creat­
ed a larger demand for the high protein soybean. In Europe, crushing 
capacity continued to expand further, increasing the purchases of soy­
beans from the U.S. 
As indicated in Figure 2.8, quantities exported were more variable 
during the 1970s. Soybean exports decreased sharply in 1974/75 because 
of a shortage in production and increased competition from foreign 
countries. Increased energy costs and slumping economies also adverse­
ly affected export movement. Soybean exports continued to increase 
after 1974/75, but decreased again in the 1980/81 crop year. The main 
reasons were that strong domestic demand and lower production acted to 
curtail export utilization, and the strengthening of the dollar against 
some of the EEC and Japanese currencies had caused soybeans to become 
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relatively expensive. Hence, soybean utilization fell to 724 million 
bushels, about 150 million bushels lower than 1979/80. 
Unlike corn, there are few trade restrictions on the importation 
of soybeans. Exports are affected by transportation costs, exchange 
rates and other uncertainties. 
Corn food and industrial uses Food and industrial uses 
accounted for almost 10 percent of total corn uses in 1980/81. Most of 
the corn moving Into food and industrial uses was processed by either 
the wet-corn processing Industry or the dry-corn milling Industry. The 
wet-milling industry typically processes over 70 percent of the corn 
used for food and Industrial purposes (Llvezey, 1981). 
The major products of dry millers are breakfast foods, brewer's 
grits, and other food products such as cornmeal, hominy grits, and corn 
flour. By-products are hominy feeds. The wet-milling process sepa­
rates the kernel into germ, hull, gluten, and starch. The oil is ex­
tracted from the germ and the germ cake and other by-products are sold 
as feed. 
As can be seen in Figure 2.7, the 1960s were a period of slow but 
rather steady growth in the quantity of corn used for food and indus­
trial purposes. The annual growth was 6.1 million bushels per year. 
Use doubled during the 1970s when annual growth approached 34 million 
bushels (Table 2.2). This significant Increase was mostly due to an 
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expanding market for sweetener (high fructose corn syrup) and an 
expanding market for ethanol as a gasoline additive. 
Since most food and industrial uses are linked to human foods, the 
growth of utilization will likely follow population increases and real 
income growth. 
Seed use Both corn and soybean seed uses were relatively small 
proportions of total uses (Table 2.2). The levels in 1980/81 were 
about 20 and 70 million bushels respectively. Rapid increases in seed 
uses in the 1970s were associated with an increase in planted acres 
(Figure 2.7 and 2.8), and also a larger quantity of seed was planted 
per acre than before in response to research indicating that higher 
plant population per acre generally resulted in higher yields (Hill 
et al., 1982). Seed use depends upon the seeding rate per acre and 
especially on the acreage planted by farmers. 
The growth rates of corn and soybean seed uses in the 1970s were 
greater than those of the 1960s. For the entire period 1961/62 to 
1980/81, corn seed use Increased by 0.6 million bushels annually, while 
soybean seed use increased by 1.9 million bushels per year (Table 2.2). 
If increases In acreage occur continuously, seed uses for both corn and 
soybeans will become larger in the near future. 
Corn and soybean storage 
Storage, stocks, inventory and carryover are used interchangeably 
throughout this discussion. The carryover of the old crop into the new 
marketing year represents an addition to the supply available for use 
during the new year. 
Stocks can be held In public or private ownership. Processors, 
exporters, and livestock feeders require stocks to conduct business 
between harvest times. Stocks are also held to help stabilize prices 
and are primarily owned by the Commodity Credit Corporation (CGC). 
Crop year-end stocks on September 30 for corn, and on August 31 for 
soybeans for the period 1961/62 to 1980/81 are presented In Figures 2.9 
and 2.10. As can be * aen, total storage of both corn and soybeans 
tends to be larger when current production Increases and tends to be 
smaller when current production decreases. Also, data from a more 
recent period (1970s) confirms the Importance of fluctuations in pri­
vately held stocks when government controls are not the dominant price 
determining factors. 
Corn storage In the years before 1972/73, the U.S. government 
played an Important role in the corn market. Its price-support and 
storage program set an effective floor price for corn and established 
the Commodity Credit Corporation (CCC) as the purchaser of last resort. 
In performing this function, the CCC accumulated and maintained a large 
inventory, controlling 60 percent of the existing stocks most of the 
time. Between 1973/74 and 1976/77 most stocks were held by the private 
sector. In the crop year 1974/75, both the CCC stocks and free stocks 
approached the minimum levels, 360 million bushels and 0.9 million 
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Figure 2.9. Plot of production (YC), total storage (CORHC), private stocks (CFST) 
and CCC stocks plus farm-owned reserve stocks (CCNL) for corn 
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Figure 2.10. Plot of production (YS), total storage (SOYHC), 
private stocks (SFST) and CCC stocks (SOO) for soybeans 
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bushels respectively (Figure 2.9). The reason was that short supply 
and strong export demand depleted storage levels. 
Since 1977/78, the emphasis of agricultural policy has been placed 
on farmer-owned reserves (FOR) rather than government-owned reserves 
(CCC). By the end of the 1980/81 corn marketing year, there were 557 
million bushels in farmer-owned reserves and 245 million bushels owned 
by the CCC. 
Soybean storage Like corn, prior to 1972/73, government pro­
grams for soybeans were related to CCCs stock management and merchan­
dising operations. CCC stocks of soybeans reached a record high of 316 
million bushels August 31, 1968, a year when the support loan rate for 
soybeans exceeded the season average price. Since 1973, the soybean 
market price has been above loan rate levels, and only small use has 
been made of the loan programs. As a result, CCC stocks of soybeans 
have been minimal. The contrast, of course, is that in the 1960s the 
CCC owned most of the stored soybeans, whereas after 1973 the private 
sector owned all of the stored soybeans. 
As the U.S. soybean sector returned to a free market, the govern­
ment did not have as large a stock of soybeans to export in competition 
with private stocks as it did in the case of corn. It is expected that 
soybean price variability, due to fluctuation in domestic production 
caused by weather and fluctuations in export demand, would be higher 
than corn price variability during the 1970s. 
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As Indicated in Figure 2.9 and Figure 2.10, privately-owned stocks 
of both corn and soybeans have trended upward as utilization has in­
creased, reflecting greater need for working inventories. As govern­
ment inventories declined after 1972, the risk involved with carrying 
private inventories increased. It may be hypothesized that corn and 
soybean buyers and sellers used future markets to avoid risk. Fur­
thermore , it has been suggested that corn and soybean futures markets 
perform a service in providing a market that determines the return to 
storage as the cash and futures price differential. These markets 
thereby guided inventory decisions (Working 1948, 1953; Tomek 1978). 
To test these hypotheses, the pricing and allocative performance of 
com and soybean futures markets in determining inventories during 
1961/62-1980/81 have been tested. This tests the hypothesis that "the 
cash-futures price relationship is," in Working's own words, "a signif­
icantly serviceable guide to control inventories" of corn and soybean 
in the United States" (Working, 1962, p. 442). Using annual data for 
the 1961/62-1980/81 period, the regression relationships estimated 
are: 
TSC^  = 774.59 + 2870.27 (—^ cPÏ~^ t^ ~ D R = 0.26 
(2.43)*1 (-1.98)**2 
l*Coefficient significance under 1 percent level. 
2**coefficient significance under 10 percent level. 
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"s - ^  2 TSSj. - 42.70 + 220.86 ( + 142.95 D = 0.81 
(2.93)*1 (6.01)*! 
where 
TSC = total storage of corn (M. bu.) 
TSS = total storage of soybean (M. bu.). 
CPI = consumer price index 
Pc = corn price received by farmers ($/bu.) 
Pg = soybean price received by farmers ($/bu.) 
FP^  = December corn futures price ($/bu.) 
FP^  = November soybean futures price ($/bu.) 
D =» 0 if year 1972 
D = 1 if year > 1972 
D, the dummy variable, is used to investigate whether changes in 
government policies toward economic stabilization had different effects 
on corn and soybean storage behavior after 1972 than before 1972. 
Since the coefficients are significant for the corn and soybean basis 
variables, we may conclude that the difference between cash and futures 
prices of those storable commodities is associated with the size of 
current storage during the sample period. In other words, the corn and 
soybean cash-futures price relationships have served to guide the accu­
mulation and decumulation of corn and soybean stocks. 
l*Coefficient significance under 1 percent level. 
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Characteristics of corn and soybean price in 19708 
Figure 2.11 shows that price variability increased sharply in the 
U.S. corn and soybean markets beginning in 1971/72 and continued 
through 1979/80. The standard deviation of corn and soybean cash and 
futures prices is 3 to 4 times larger for nominal prices and 1.5 to 2 
times larger for real prices in the 70s than in the 60s (Table 2.3). 
The increased variability in soybean and corn prices is attributed 
mainly to domestic fluctuations in supplies and increased variability 
in world and domestic demand for U.S. corn and soybeans. Analysis of 
the cash price variability suggests that variations in yield and acre­
age in the U.S. for both soybeans and corn accounted for about 40 per­
cent of the price variability since 1971, while trade factors accounted 
for another 20 percent, leaving the rest of the variability unexplained 
(Langley and Meyers, 1980). The futures and cash prices for corn and 
soybeans have been highly correlated (Table 2.4). 
The basis or the difference between futures and cash price has 
become more variable in the 1970s, but is comparable to cash and fu­
tures price fluctuations in the same period (Table 2.3, Figure 2.12, 
2.13). 
During the 1960s, corn and soybean market prices were unusually 
stable and futures trading of corn and soybeans was light. Stocks, 
were carried by the CCC under government price support programs and 
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Figure 2.11. Cash prices (P^ , P^ ), futures prices (FP^ , FP°) and the 
cash-futures price differences for corn and soybeans, 
respectively 
Table 2.3. Measures of variation in corn and soybean cash, futures prices and their basis from 
1961-70 to 1971-80 
Nominal Means 
Standard 
Deviation 
Coefficient 
of Variation 
Price 61—70 71-80 61-80 61-70 71-80 61-80 61-70 71-80 61-80 
P 
c  
1.15 2.29 1./2 0.08 0.63 0. 73 /.41 27.70 42.66 
P 
s  ,  
2.52 5.78 4.15 0.18 1.34 1.92 7.25 23.29 46.26 
FP 
c  
1.24 2.47 1.91 0.09 0.71 0.83 7.25 28.74 43.45 
2.66 5.77 4.33 0.27 1.61 2.01 10.15 27.90 47.63 
H 
B c- " c - P c  0.087 0.29 0.189 0.047 0.168 0.159 54.83 57.63 84.47 
' FP 0.094 0.27 0.181 0.181 0.41 0.321 193.05 153.06 177.60 
Real 
Price® 61-70 71-80 61-80 61-70 71-80 61-80 61-70 71-80 61-80 
^ c  
0.46 0.55 0.51 0.03 0.14 0.11 7.41 26.31 32.14 
1.02 1.40 1.21 0.06 0.27 0.27 6.78 19.12 22.65 
F P  
c  
1.20 1.39 1.32 0.10 0.27 0.23 8.24 19.42 16.60 
F P ^  
_  s  ,  
2.57 3.23 2.94 0.24 0.52 0.52 9.33 16.01 17.08 
B « FP -
c  c  
p 
c  
0.082 0.15 0.118 0.043 0.06 0.06 51.76 42.76 54.76 
B" = FpP -
s  s  
p 
s  
0.090 0.13 0.112 0.181 0.21 0.19 200.87 157.15 171.73 
= soybean price received by farmers ($/bu) = com basis (price of storage) ($/bu) 
FPc= corn price for Dec, futures ($/bu) Bg = soybean basis (price of storage) ($/bu) 
®For real prices - Pg, Pg are deflated by an index of prices received by farmers. 
FP^, F^» FPg, Bg, B^ are deflated by CPI. 
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Table 2.4. Correlation matrix for corn and soybean cash 
and futures prices* 
P P FP^ FP" 
c s c s 
p 
c 
N 
R 
1 
1 
0.93 
0.80 
0.92 
0.91 
0.91 
0.77 
N 
R 
1 
1 
0.91 
0.72 
0.94 
0.89 
FP*^ 
c 
N 
R 
1 
1 
0.97 
0.86 
FP'^ 
s 
N 
R 
1 
1 
= Nominal Price ; 
R = Real Price. 
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Figure 2.12. Plot of the nominal corn basis (B^) and the 
the nominal soybean basis (B^) 
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Figure 2.13. Plot of the real com basis (B^) and the 
I T  
real soybean basis (B^) 
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this reduced the need for hedging. Hence, corn and soybean futures 
prices were close to cash prices. Since 1972, the basis has become 
larger. The correlation in Figure 2.11 indicates that futures prices 
are related to cash prices, but the basis varies from year to year. A 
possible reason that the soybean basis varied more than the corn basis 
is the difference in the level of stocks in deliverable positions for 
corn and soybeans. 
The basis represents the market determined price of storage. It 
is based on the cost of storing the cash commodity but is modified 
somewhat by specific supply and demand situations. When stocks are 
large and grain is flowing rapidly to market, the cash price is weak in 
relation to the futures price and the basis is wide. Conversely, when 
corn and soybean stocks are small and demand for shipment is vigorous, 
the commodity is flowing to market slowly and the price of storage 
decreases. In 1973-75, the corn and soybean storage markets reflected 
an "inverted market" with a negative price of storage (Figure 2.11). 
Such a market is likely to develop when commodity stocks are below 
anticipated requirements. A sharp rise in U.S. and world demand for 
feedstuffs in 1972-74, combined with a U.S. policy to restrict crop 
acreage in 1972/73, resulted in stock reductions in many cases. 
With the onset of the severe economic recession in 1974 in most 
developed countries, livestock demand and prices fell sharply. This 
led to substantial losses for livestock producers, since feed costs 
fell proportionately less than livestock prices. Subsequently, a sharp 
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decline in feed demand occurred during 1974-76 as breeding stock was 
liquidated. 
Soybeans dropped below $5.00 per bushel in 1975/76 (Figure 2.11), 
providing only a very minimal return to land and management devoted to 
soybean production. Soybean acreage dropped to 50 million acres in 
1976/77. This was a 6-7 million acre decline from the 1973-74 peak. 
Corn prices fell less and as a result corn acreage expanded 15-16 mil­
lion acres to 72 million acres. This led to some imbalances between 
soybean and corn acreage in 1976/77 as corn demand slowed and corn 
prices dropped relative to soybean prices. A corn surplus depressed 
the price of corn in the 1976-78 period, but after 1978 both corn and 
soybean prices increased as world feed and oil demands Increased. 
Conclusions 
A review of the corn and soybean production and marketing system 
and associated supply, demand, export, storage and price characteris­
tics during the study period is provided in this chapter. The review 
is important in that it provides a major outline and framework for 
developing a model of integrated corn and soybean markets. 
It is shown that the last year's carryover and current production 
are the main sources of corn and soybean supplies for current utiliza­
tion. Total production changes with acreage planted, crop survival 
from planting to harvest and yield per harvested acre. Variations in 
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yield per harvested acre and crop survival arise largely from biologi­
cal characteristics of corn and soybeans, as well as other uncontrol­
lable variables such as weather conditions and insects. The main deci­
sion variable, acreage planted, is under the farmer's control. How­
ever, it is affected by market prices and government policies affecting 
corn, soybeans and other competitive crops. 
Corn is used for feed, food, seed and exports vAiile soybeans are 
used for crushing, seed and exports. Storage creates a supply-demand 
equilibrium in the following period and adds a dynamic time element to 
the market system. Com feed demand is derived from demand for live­
stock. Soybean demand is derived from demand for soybean oil and soy­
bean meal. Exports of corn and soybeans are linked via an internation­
al trade component. In general, rising incomes and increasing demand 
for meat products inside and outside of the U.S. create demand for feed 
and soybean meal. Exports are further affected by changes in exchange 
rates, transportation costs and foreign trade policies. 
Ending stocks are the observable outcome of storage. These stocks 
are allocated by cash and futures price relationships, since cash and 
futures price differences provide a market-determined price of storage. 
Com and soybean storage are also affected by government-owned stocks. 
The cash price, futures price and cash-futures price differences are 
the important linkages leading to an equilibrium of supply and demand 
for both corn and soybean markets. 
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The above description provides valuable information for corn and 
soybean model development. However, model specification should also be 
based on theoretical considerations providing a useful set of hypothe­
ses to be tested. Theoretical considerations will be discussed in the 
following chapter. 
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CHAPTER III. THEORETICAL CONSIDERATIONS 
The purpose of this chapter is to survey and present a brief 
synopsis of the theoretical concepts that form the basis for the econo­
metric model used in this study. The focus is on theory relevant to 
the econometric estimation of demand and supply response, and on the 
theory of price-of-storage. The theory of simultaneous equilibrium in 
cash, futures and storage markets is then developed. 
Demand Theory 
The estimation of demand is of critical Importance in modeling 
historical price movements. The three kinds of demand important in 
corn and soybean markets to be considered explicitly are consumer de­
mand for food uses, derived demand for feed fed to livestock, (demand 
for soybeans is derived from the demand for soybean meal and soybean 
oil, in turn, from livestock and consumer demands), and export and 
import demand by the foreign sector. The theory of consumer behavior 
accounts for final demand and the theory of the firm gives rise to 
derived demand. The total demand for commodities is also influenced by 
the demand for inventories. In this section, we will attempt to ana­
lyze the aspects of demand theory that can be used to improve the em­
pirical specification of commodity demand relationships. The theoreti­
cal basis for this model is a variant of the competitive model of price 
determination. 
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Consumption demand 
The relationships used to explain food demand for corn and soy­
bean products are derived from consumer demand theory. Demand theory 
is based on the maximization of a consumer's utility subject to an 
appropriate budget constraint. Solution of the maximization problem 
leads to a set of demand equations of the form: 
"kt - ?! (fit' Pjt' 
which relates consumption of commodity 1, q^^, to its price, the 
price of other commodities, P , income, Y , and other variables that 
J t t 
influence consumer taste and preferences, . 
Under the assumption of identical consumer preferences, total 
market demand can be written as the product of population (POP) and 
per capita demands : 
4 - POP . (PI;. PJ^. Ï;, K;) (3.2) 
The assumption of the representative consumer or identical prefer­
ences leads to unitary population elasticities^. Thus, the equa­
tion (3.2) can be rewritten in per capita terms as 
d 
POP - (Pit' Pjt' 
lEmpirically, this specification which restricts the population 
elasticity to be one, thereby avoids multicollinearity between popula­
tion and income. 
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Constrained maximization of utility results in a set of underlying 
restrictions known as the Engel aggregation, Cournot aggregation, homo­
geneity, symmetry and Hicks-Slutsky conditions.1 
In the absence of externalities, a market demand relation can be 
thought of as the summation of individual demand relations. The static 
concept of demand refers to movements along the multidimensional demand 
function. Dynamic adjustments in consumer demand to change in demand 
variables can be incorporated through habit persistence, adaptive ex­
pectations or partial adjustment formulations (Nerlove, 1958). 
Derived demand 
The term "derived demand" is used to denote demand schedules for 
inputs which are used to produce the final products. Demand for corn 
for feeding to livestock and demand for soybeans for crushing into oil 
for cooking or salad oil and meal for livestock feeding are examples of 
derived demand. The theoretical derivation of factor demand and its 
properties are well-documented throughout the literature (R.G.D. Allen 
(1956), Baumol (1977), Henderson and Quandt (1980)). 
Consider derived demand for corn and soybean meal by the livestock 
sector. Assume the existence of an implicit production relationship in 
^More details see Labys (1973, p. 18). 
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which feed grains, Qf, are employed along with unfattened feeder 
animals, to produce fattened animals. A, such that 
q (A, Of, Z) = 0 (3.4) 
In this case, the livestock farmer's feed grain demands are derived 
from the underlying demand for the livestock which they produce. The 
producer is assumed to maximize his profits subject to constraints as 
specified by production relationships and market conditions. 
The optimization procedure for profit maximization by the farmer 
starts by assuming: 
A profit function, 
. = A - (3.5) 
which is to be maximized subject to the production relationships 
q (A, Qg, Z) = 0 (3.6) 
and market demands for livestock 
A - H 
where = price of slaughter animals, 
= price of livestock product, 
P^ = other prices affecting demand for livestock, 
Pg = price of feed grains, 
P^^ = price of feeder animals, 
Z = other influencing factors. 
The problem above can be reformulated by using the Lagrangian 
function 
Max L (A, Q^, y, &) 
= P^A - PgQf - + Y 10 - q (A, Q^, Z)] 
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+ 6 [A - h (PJJ, PGG, PQ, Z)] (3.8) 
where y is a Lagranglan multiplier and is equal to the marginal profit 
to the representative livestock farmer due to an exogenous shift in the 
production relationship. 6 is another Lagranglan multiplier and Is 
equal to the marginal profit to the representative livestock farmer due 
to an exogenous shift In demand for livestock. 
The first order conditions for the maximization of (3.8) are: 
f r fr 
1^-q (A. Of. D,,. z) = 0 
ii - A - h 'o' 2) = ° 
Solving the equations simultaneously^ gives the optimal quantities 
of A*, 0|, Y* and 6*: 
A» - A (Pg, Pj^ . Pj, P ,^ Z) (3.9a) 
Of - ffr- ff- P.- 2) »•">' 
^The second order conditions which must hold for this to be a 
point of profit maximization, require that the principal minors of the 
relevant Hessian determinant alternate in sign (see Henderson and 
Quandt, 1980, p. 96). Meeting this sufficiency condition implies that 
the marginal physical products for all Inputs in all alternative uses 
must be diminishing. 
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(3.9c) 
(3.9d) 
(3.9e) 
Function (3.9b) expresses the derived demand function for feed and 
provides the feed demand relationships for estimation purposes. 
The market demand curve for feed grain is obtained by aggregating 
the individual livestock farmer's feed grain input demand curves. 
However, the market demand cannot be obtained by simply adding together 
each farmer's demand curve because as the price of feed falls and more 
of it is used, output of livestock will increase. As the output of the 
entire industry increases, the price of the product will fall. This 
results in a shift in individual feed demand curves. This reduction in 
the price of livestock output in deriving the market demand curve for 
feed grain must be accounted for in deriving the market demand for feed 
grain. 
In Figure 3.1, a decline in the price of feed grain from to 
will involve a movement down the curve to Q^, given the following 
three assumptions: 
1. The price of livestock is constant. 
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Figure 3.1. Derivation of the market level 
Demand for feed grains 
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2. The price of other inputs and quantities employed remain 
unaltered. 
3. The technical input-output relationship remains the same. 
However, increases in the feed grains used cause the marginal product 
of substitute inputs to decrease and the marginal product of complemen-
0 2 
tary input to increase, thereby shifting demand from to Q^. Mean­
while, the quantity of livestock produced will increase as all produc­
ers utilize more of the lower priced feed grains. This will cause the 
output price to fall with a resulting leftward shift of feed demand 
2 1 from Qg to Q^. Hence, the derived demand curve for feed grains is 
for any representative farmer 1. The market derived demand curve Q™ is 
the summation of all farmers derived demand curves, i.e., 
< -l 
This curve shifts in response to changes In prices of other Inputs 
as well as technological change. The derived demand function may in­
clude other possible shifters: 
q" - f (?%, P^p, Pfp, Pf, PLS, P^^, T, Z) (3.10) 
where P^, P^^, P^^, P^, Z the same definition as described on page 63 , 
#LS is the number of livestock, P^^ is the price of other feed input, 
and T is technological change. 
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In summary, the demand for feed grain depends on conditions in the 
final product market, supply conditions for other Inputs and the pro­
duction relationships between inputs and outputs. 
Import/export demand 
The demand for U.S. exports is derived from the supply and demand 
conditions of the rest of the world (ROW). The traditional theory of 
Import demand is based on the proposition that import and domestic 
goods are not perfect substitutes (Learner and Stern, 1970, p. 11). The 
quantity of imports purchased by any consumer in importing countries 
will depend on income, the price of imports and the price of all other 
goods. The specification is analogous to conventional demand analysis 
given by the following equation: 
M = f (P , p , Y) (3.11) 
m o 
where M = average import demand 
P^ = price of import good 
P^ = price of all other goods 
Y = the level of income in the importing countries 
If Imports and domestic goods are perfect substitutes as is the case 
for both corn and soybeans, then under the assumption of perfect com­
petition, the import demand for foreign goods is an excess demand, and 
prices are spatially competitive. 
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Worldwide equilibrium price and quantity determination for per­
fectly competitive goods can be illustrated with a generalization of a 
two region market. Each region has known supply and demand functions 
and produces and consumes a homogenous product. The regions are sepa­
rated but not isolated by known transfer costs. Given this knowledge, 
the problem is to determine the equilibrium levels of production, con­
sumption and prices in each region and the equilibrium trade flows 
between regions. 
In Figure 3.2a and 3.2b, region 1 is considered to be an exporting 
country (the U.S. which exports corn and soybeans) and region 2 is 
considered to be all importing countries (Japan, the EEC, etc., which 
import corn and soybeans). In the model presented in Figure 3.2a, 
transfer costs are assumed to equal zero. The first and third graphs 
of Figure 3.2a contain the known supply and demand function (D^, , 
D^, Sg) for regions 1 and 2. If trade was not allowed, each region 
would reach equilibrium at the intersection of its supply and demand 
A A A A A A 
function (i.e., P^, Y^, X^, P^, Y^, X^). However, if free trade is 
allowed, traders would recognize the opportunity to profit by 
arbitraging product from region 1 to region 2. The quantity offered 
for trade by region 1 is the difference between the quantity producers 
supply and that which consumers demand at prices higher than 
ES 
ED, o 
Region 1 Trade Region 2 
Figure 3.2a. Free trade model without transfer cost and exchange rate effects 
ES 
ED, 
ED 
A. 
Region 1 Trade Region 2 
Figure 3.2b. Free trade model with transfer cost and exchange effects 
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This is described as the excess supply function (ES]^), which is 
plotted in the center graph. 
The quantity region 2 offers to purchase is the difference between 
the quantity consumers demand and producers supply at prices lower than 
P2. This is described as the excess demand function (ED2) in the 
center graph. 
Equilibrium is reached at the intersection of ED2 and ESj^. 
Price is equal in both markets, equilibrium production and consumption 
are Xj^, for region 1 and X^, Yg region 2, and the equilibrium 
level of trade is X^^. The quantity traded between the two regions is 
equal to the differences between the quantities supplied and demanded 
within each region, i.e., (Xj^-Y^ = ~ this 
equilibrium, = Pg = P. 
In Figure 3.2b, the two region model is reproduced, but a transfer 
cost of t^2» Is added to reflect the transportation cost. The effect 
of changes in transportation costs is to shift the excess demand sched­
ule faced by importing countries. Equilibrium is accomplished by 
shifting EDg downward by t^^ since it represents an additional cost to 
I I I f 
EDg. Equilibrium is reached for region 2 at P^, X^ and Y^ and for 
f f f 
region 1 at P^, X^, Y^. If the exchange rate effect is also taken into 
account, the only change in the equilibrium condition is that : 
I I 
Pi + ti2 = ePg (3.12) 
where e is the exchange rate which is evaluated in terms of the unit of 
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the exporter's currency per unit of the importer's currency. This 
price relationship will be discussed in more detail in the following 
section. 
Based on the above theoretical framework, the spatial equilibrium 
market model can be constructed. 
Exporting 
Country 
Importing 
Country 
Supply = S^(P^, X) (3.13a) 
Demand P (3.13b) 
Excess ES = S (P , X)-D (P , X) = ES (P , X) (3.13c) 
Supply 
Supply Sj = Sj (Pj, X) (3.13d) 
Demand D^ = D^ (P^ , X) (3.13e) 
Excess ED^ = D^ (P^ , X)-S_, (P_, , X) = ED/P_, , X) (3.13f) 
Demand j j  j '  j j ' j j 
^1 + "i1 
Price-linkage + t^^ = eP^ or — = Pj (3.13g) 
Spatial Equilibrium E_, ES^ = ED^ (3.13h) 
1 1 j j 
where S^ = supply of corn (soybeans) in exporting country 1, 
D^ = demand of corn (soybeans) in exporting country 1, 
Pi = price of corn (soybeans) which related to demand and suply 
in country 1, 
ESi = excess supply of corn (soybeans) in country 1, 
Sj = supply of corn (soybeans) in importing country j, 
Dj = demand of corn (soybeans) in importing country j, 
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Pj = price of corn (soybeans) which related to demand and 
supply in country j, 
EDj = exchange demand of corn (soybeans) in country j, 
e = exchange rate evaluated in terms of the units of the 
exporter's currency per unit of the importer's currency, 
t^j = transportation cost between country 1 and j, 
X = other exogenous variables. 
In the above spatial model, equilibrium occurs where ED^ = 
ES^. The price-linkage between countries i and j is through trans­
portation costs (tij) and the exchange rate (e) as shown in equa­
tion 3.l3g. Trade theory suggests that importers view international 
prices in terms of their own currency. This captures the exchange rate 
effect. 
The market model consists of the eight equations, (3.13a) through 
(3.13h), and the eight endogenous variables, S^, S ^ , Dj, ES^, ED^ , 
Pi and Pj. Substitutions can be made to obtain an expression for 
the import demand equation 
EDj = f ( ^ g X) (3.14) 
Excess demand for corn (soybeans) is a demand derived from the 
importing country's derived demand for corn (soybeans). Thus, import 
demand for corn (soybeans) is affected by the price of livestock P , j ^ 
the price of substitute feed P^^, the number of livestock #18^, and 
income levels Yj in the importing country j. Corn (soybean) supply 
in Importing countries and other competing supply of corn (soy­
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beans) Sq would also affect U.S. corn (soybean) exports. The above 
function (3.14) is further modified to incorporate those factors above, 
so that world demand for U.S. exports of corn (soybeans) can be ex­
pressed as 
EDj- f(—Pjg, #LSj, Yj, Qj. S^, p (3.15) 
Theory of Supply Response 
One of the objectives of this study is to examine the role of 
futures prices in production decisions and supply response for both 
corn and soybean producers. 
In this section, the theoretical framework of dynamic supply re­
sponse is first considered. The emphasis is on the producer's behavior 
in both the short-run and the long-run in response to changes in price 
expectations. Then, the formulation of price expectations is dis­
cussed . Special consideration is given to the role that the futures 
prices, as market-determined observations of expected prices, might 
perform in shaping output decisions. 
The nature of dynamic supply response 
Unlike static theory, dynamic supply response introduces consider­
ation of "time" into the supply function. A time lag within agricul­
tural production exists so that producers do not make full adjustments 
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within a discrete period but Instead distribute their adjustments among 
future periods until they finally approach an optimal position. 
In the dynamic supply response, there are long- and short-run 
adjustment periods. The following dynamic adjustment model allows 
the consideration of how producers react to price changes over time. 
The adjustment, in general, is affected by the producer's expectations 
and the information available for production decision-making. The 
following discussion of dynamic supply response is based on Nerlove's 
discussion (Nerlove, 1958). 
Figure 3.3 assumes a once-and-for-all change in price or assumes 
that a farmer's long-run expected price is constant. SiSi is the 
long-run supply curve. The point B on Si Si represents an equilib­
rium of demand and supply. At a price of OA, the quantity of B is 
supplied each period. If the demand curve shifts so that the price is 
now OC, the quantity supplied does not increase immediately to CP, 
where P is a point on the long-run supply curve, but to CD, where D is 
a point on one of the short run supply curves through B. If the price 
remains at OC, we would observe the quantity CE supplied in the follow­
ing period, then CF, then CG, CH, and so on. Each of the points D, E, 
F, G, H, lie on different short run supply curves through point B. As 
time passes, they gradually approach point P, which lies on the long-
run supply curve. 
In reality, price will be changing continuously. Hence, the point 
we observe never lies on the long-run supply curve. In Figure 3.4, we 
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Price 
C 
A 
•Quantity 0 
Figure 3.3. Adjustment of the quantity supplied to 
once-and-for-all chanee in price 
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Quantity 
Figure 3.4. Adjustment of the quantity supplied 
to successive change in price 
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start out, as before, from an Initial equilibrium point B on the long-
run supply curve SiS^. Now let the demand shift in such a way that 
the price increases constantly, first to OC, then to OE, OG, 01, etc. 
When the price increases from OA to OC, producers adjust their output 
from AB to CD. If the price remained at OC, they would produce CW in 
the following period; but the price increases again to OE. Consequent­
ly, they move along a new short-run supply curve through the point W to 
F. Producers supply slightly more than they would have had the price 
remained at OC; thus, as the price increases, we observe a series of 
points, D, F, H, J, L, etc., which lie on short-run supply curves pass­
ing through different points on the long-run supply curve. SgSg is 
an approximization of the long-run supply curve which we want to esti­
mate, but it is not the true long run supply curve S^Si. The 
short-run and long-run supply elasticities may be estimated only 
through SgSg, but not S^Si. 
Formulation of price expectations 
For the crops considered in this study, there is a five to six 
month period between planting and harvesting. As a result, producers 
do not know the harvest price when making planting decisions. When 
decision-making is undertaken with incomplete information about the 
future, producers base their decisions on prices they expect to pre­
vail. The proper supply response model for this behavioral relation­
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ship should incorporate the price expectations and production adjust­
ments. The general form of the model is: 
n 
A = a + b P® + Z c.Z,. + U. (3.16) 
1=1 
where = Output or acreage planted at time t, 
P® = The expected price at time t formed at t-k, 
= Other inputs or shifter variables at time t, 
= The random*d£stùrbance terms. 
Since P® is unobservable, additional assumptions are necessary to 
relate this unobserved variable to variables \Aiich can actually be 
observed. The following hypothesized models attempt to do this, 
a. Naive expectations (Cobweb Model); where 
t = Vl (3.17) 
This model suggests that the current expected price is equal to the 
previous period's actual price (P^ ^ ). 
b. Extrapolative expectations : where 
< - ft-l - « "t-l - Pt-z) 0 < a < 1 
. (1 - a) + o g (3.18) 
The current expected price is a weighted combination of the two pre­
viously observed prices (P , P ). This model takes into account 
t-1 t-2 
the most recent trend in prices. 
c. Adaptive expectations model : where 
^t = ^-1 + G(Pt-l - ^ -1> 0 < 3 < 1 (3.19) 
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and 
3 = the rate of adaptation 
This model expresses the current price expectation as the price 
expectation generated in the previous period (^^-1^' plus a proportion 
(g) of the previous period error (P^ P® . Solving the adaptive 
expectations difference equation yields 
CO 
P® = 3 Ï (l-B)l P. , . (3.20) 
1-0 
Thus, the expectation is expressed as an infinite, geometrically 
weighted, moving average process. 
d. Partial adjustment model: where 
A® - a + b + 0 (3.21) 
A® = desired supply 
and 
\ = Vl + Y (Af - Vl^ 0 < Y < 1 (3.22) 
y = the output adjustment coefficient 
Solving the partial adjustment difference equation gives 
CO 
A® = Y r (l-Y)l A (3.23) 
1=0 
e. Compound model : This model integrates models (c) and (d). 
where 
A® = a + b P® + E + Uj. (3.24) 
1=1 
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and 
Y  Z  ( l - Y ) l  A  
1=0 
e ï (l-B)l 
The use of Nerlove's dynamic supply model showed marked Improve­
ments over static or naive models. However, the distributed lag 
approach has been criticized by Grillches (1967, p. 42) as being 
"theoretical ad-hockery." The Intuitive argument against this approach 
Is that It Is "backward-looking," only contemplating the past behavior 
of prices. It Ignores new Information available after the last cash 
price was determined. One possibility for obtaining "forward-looking" 
expectations Is to use futures prices as expected prices in the future. 
This approach is based on the rational expectation hypothesis (Muth, 
1961). Expectations are based on Information and generated according 
to perceptible forces affecting the economic activity to be investi­
gated. 
Futures price in supply analysis 
Since the appropriate price for supply analysis Is the price ex­
pected by producers when production decisions are being made, the 
futures price prevailing when production decisions are made makes a 
reasonable candidate for a directly observable measure of the expected 
product price in supply analysis. A theoretically well-grounded 
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hypothesis 1 is that the price of a futures contract for the new 
crop reflects the market estimate of the new crop cash price, 
or _ (3.25) 
^:+k=^(^+k) = 
where FP^_^ (or FP^ ) is the price at time t-k (or t) quote for 
futures deliverable in period t (or t+k). 
The use of futures prices as an observation of expected crop 
prices raises two issues of concern. First, the market's estimate as 
given by a futures price reflects the expectations of nonfarm specula­
tors as well as crop producers. Thus, do farmers use information 
efficiently if they have access to the same information available to 
the informed speculators acting in futures markets? Second, which 
futures price is most appropriate and at what date does this price 
become producers' expected price? 
^The extent to which futures prices are unbiased estimates of 
subsequent cash prices has been explored in a large number of 
theoretical and empirical studies, e.g.. Working (1942), Brennan 
(1958), Telser (1958), Tomek and Gray (1971), Peck (1976), Gardner 
(1976). In each of these cases, the hypothesis was maintained that 
futures prices provide an exact measure of the price expectations. 
Their conclusions from this empirical analysis, especially for storable 
commodities, was that the futures price can be considered an unbiased 
prediction of the subsequent spot price. 
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Both of the above Issues can be answered by Muth's theory of 
rational expectations (Muth, 1961). Muth provided a link between sur­
vey studies of expectation and econometric approaches. 
The rational expectations theory is based on the following hypoth­
esis about individual behavior (Muth 1961, p. 316), 
" . . .  i n f o r m a t i o n  i s  s c a r c e ,  a n d  t h e  e c o n o m i c  s y s t e m  g e n e r a l l y  
does not waste it ; . . .the way expectations are formed depends 
specifically on the structure of the relevant system describing 
the economy; . . . . " 
In order to derive the price expected to prevail at period t (P^), on 
the basis of information through t-k periods, Muth (1961, p. 333) 
further assumed the actual and expected price relationships to be 
where is error in period t and the structure of is assumed to 
be known, and 
If the expectations which are formed to predict future events are 
the same as the predictions of relevant economic theory, then these 
expectations are rational. Mathematically, the expected value of the 
market price at time t equals the market price expected to prevail at 
time t on the basis of information available at time t-k or. 
(3.26) 
E(VT) = 0 
E(P®V^) = 0 
\-k(^ 1 \-k> = ft (3.27) 
where I^ ^  is information available in period t-k 
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Incorporating equation (3.27) into his model^ gives 
Demand : = -b 
Supply: Sj. = c P® + Uj. (3.28) 
Market equilibrium: 
Expectation function: P® = E^_^(P^) 
where Dj- = quantity demanded in period t, 
St = quantity supplied in period t, 
Pt = the market price in period t, 
P^ = the price expected to prevail in period t on the basis of 
information through period t-k, 
= stochastic error. 
According to the rational expectations hypothesis, the price ex­
pectations in this model are unbiased and the expected price is treated 
as endogenous to the system.% 
Given rational expectations, we can answer the first issue of the 
use of futures prices as Indicated previously. This theory implies 
that economic behavior underlies the formulation of expectations. 
^All variables used are deviations from equilibrium values in 
his model. 
2 
, Sj., Pj. and P^ are endogenous to this system. The single 
expression of the expected price (P®) is solved by system (3.28) as 
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Expectations are based on Information and generated according to per­
ceptible forces affecting the economic activity to be Investigated. 
Under this hypothesis, if a producer operating under free competition 
has some idea of market conditions, he will use the information avail­
able to him about demand and supply conditions In generating his expec­
tations about relevant variables for decision purposes. So it may be 
hypothesized that farmers have no different price expectations from 
futures speculators, nor do those farmers who make no futures transac­
tions have expectations different from those who do. If the price 
expectations of those not participating in the futures market differ 
from the futures price, there is great incentive for them to enter. 
Thus, those out of the market likely have expected prices equal to the 
futures market price. 
The rational expectations hypothesis also allows a solution for 
the second issue associated with using futures prices. The essence of 
the farmer's decision problem Is to forecast the price for time t (the 
harvest price), given the Information available through t-k (the time 
which the planting decision must be made). From a theoretical view­
point, we can state that the futures price quote for harvest time in 
the preplanting period will provide available information and allow 
producers to observe a future (harvest) price at planting time. Peck 
(1976, p. 407) noted that. 
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" . . .  f u t u r e s  m a r k e t s ,  w i t h  s i m u l t a n e o u s  t r a d i n g  i n  s u c c e s s i v e  
maturities, provide forward price(s) that could be used by a pro­
ducer in formulating his production decisions, . . . one con­
tract, the first in the new crop year, is of particular concern. 
Generally, this new crop futures is traded well in advance of the 
time that the production decision must be made. . . . Unlike a 
price forecast, this is a forward price that is a market price . 
. . the producer could sell his expected output at that price." 
Thus, we may incorporate equation (3.25) into system (3.28), since at 
planting time, a new crop futures price represents an observable reali­
zation of farmer's expectations. This is consistent with rational 
expectations!. 
Expectations are unbiased and producers are assumed to use futures 
prices In their production decisions. The decision is thus endogenous 
to the system and dependent upon futures prices. By including futures 
prices as decision variables, we can set up a framework for empirically 
testing the hypothesis that producers have responded to futures prices 
in making their production decisions. The model also allows for par­
tial adjustment to capture the technical constraints, institutional 
rigidities and persistence of farmer's habits involved in switching 
^The rational expectations hypothesis (Muth's extended version) 
asserts that "... expectations of individual market participants (the 
subjective probability distribution of price outcomes) tend to be 
distributed for the same information set about the predictions of the 
theory (the objective probability distribution of price outcome)." 
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from one crop to the other. That is 
n 
= a + b P® + E c.Z,^ + U 
i=.l  ^" 
(3.29) 
0 < Y < 1 
where all variables are as defined previously (page 80). Solving this 
system (3.29) gives 
which is to be statistically estimated and tested. 
The appealing feature of using futures prices in supply response 
analysis is that they are "forward looking." However, prices generated 
by futures markets provide not only a forward pricing function but also 
the function of inventory (storage) allocation. In the next section, 
the theory of storage behavior leading to the simultaneous equilibrium 
in the cash, futures and storage markets will be discussed. 
A theory of simultaneous determination of cash and futures prices 
and consumption and inventoried quantities can be derived from the 
theory of hedging and speculation and theory of the price of storage. 
The development of the theory of hedging and speculation began with the 
A^ = ay + by FP^_^ + (l-y) A^_^ + y E c^Z^^ + yU^ (3.30) 
1=1 
Theory of Simultaneous Equilibrium 
in the Cash, Futures and Storage Markets 
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view that the primary function of futures markets was the transfer of 
price risk from producers, merchants, processors and other inventory 
holders to speculators (Keynes, 1931 and Hicks, 1939). Speculators 
will buy (sell) contracts for future delivery only when the futures 
price (FP) is greater (less) than the expected cash price E(P) by an 
amount equal to or greater than the risk premium (R). Algebraically 
FP - E(P) > R (3.31) 
Working (1948, 1949) argued that the Keynes-Hicks theory of hedg­
ing does not adequately explain a hedgers' actions. He asserted that 
hedging is not always insurance, whereby risk is shifted for a premium, 
but that hedging is really used vrtien there is an expectation of a 
change in the cash-futures price relationship. Hedging is typically 
undertaken to exploit changes in the cash-futures price difference, 
rather than to simply ensure protection against an overall price 
change. Since hedgers take positions in both cash and futures markets, 
a knowledge of the basis is necessary in order to translate a given 
futures price into a probable price for cash delivery. 
To illustrate a transaction in both cash and futures markets, 
assume that a hedge is carried from t^ to t2. The cash price and 
futures price at and t^ are respectively CP^, CP^ and FP^, FP^. The 
total profit (loss) on the hedged position is 
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[Profit (loss) in futures] - [loss (profit) in cash] 
- (FPg - FP^) - (CPg - CPp 
- (FPg - CP^) - (FP^ - CP^) 
= *2 -  *1 
> 0 
AB - 0 (3.32) 
< 0 
where , B^ are the basis at time t^ and t^. AB is the change in the 
basis. The basis is the focal point for recognizing profitable oppor­
tunities. 
The profit motive causes the futures market to reflect the cash 
market. The cash and futures prices tend to move up and down together, 
but as seen above they do not display equal fluctuations. Unequal 
fluctuations are caused by various market conditions including: 
a) The overall supply and demand of a commodity; 
b) the overall supply and demand of substitute commodities; 
c) storage space available ; 
d) the behaviors of hedgers and speculators; 
e) quality and transportation problems ; 
f) risk and uncertainty in expectations. 
Hence, a change in the basis (AB) can be positive, negative or zero. 
Although traders still face basis risk, it is less than price risk 
which is why traders watch basis behaviors and prefer basis to price 
risk. 
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The difference between the current cash price and the futures 
price reflects factors affecting the supply and demand for storage of 
these commodities. The narrowing basis is a reflection of the decreas­
ing cost of storage as the delivery month approaches. Working (1949) 
argued that less (more) Inventory is carried if the market shows a 
forward premium (discount) in relation to a futures delivery price. 
This premium is not a prediction that price will rise (fall), but 
rather a market-determined storage price. In his theory of the price 
of storage, the basis is used as a directly observable current price of 
storage!. 
Working's studies (1948 and 1949) on the theory of the price-of-
storage emphasized the essential interdependence of the cash and 
futures markets. The theory of the price-of-storage views the basis 
tH'lc (FP^ - P^), whether positive or negative, as the market determined 
storage price. Further, it is postulated to be a direct function of 
current inventory levels. Working hypothesized that the supply-of-
storage curve 
FP^"*^- P^ = f(I^) (3.33) 
would have the shape depicted by STg in Figure 3.5. 
^As Working (1949) stated, "... the origin and prevalence of 
the term "carrying charge" in trade usage reflects the designated price 
differences as in fact equivalent to the price for "carrying" the 
commodity, or what may be called for economic analysis a price of 
storage." 
92 
Figure 3.5. The supply-of-storage curve 
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Working's model allows for: 
(i) Storage which may have a convenience yield (treated as a 
negative price of storage); and 
(ii) Rising marginal costs of storage as the inventory levels 
increase or as available storage facilities become limited. 
The essence of the prlce-of-storage (supply-of-storage) theory 
gives the direct connection between the cash and futures markets. As 
Working (1962, p. 455) stated, 
" . . .  t h e  m a i n  r e a s o n  f o r  l i s t i n g  t h e  p r i c e  o f  s t o r a g e  c o n c e p t  a s  
making a significant step in the advance of economic science Is 
that it seems capable of displacing the belief that spot prices 
are commonly little affected by changing distant expectations. 
That opinion is not founded on any factual observation, but has 
its "basis" in an assumption embodied in that conventional exposi­
tion of price formulation, an exposition that is ordinarily taken 
to mean that "supply" as a determination of spot price, means 
currently available physical supply." 
Clearly, the usefulness of the theory of the prlce-of-storage is that 
it provides a direct explanation of Intertemporal price relationships, 
and it can serve as a basis for the hypothesis of the interdependence 
of the three markets: cash market, futures market, and storage 
market. 
To fully understand the role of the futures market in cash and 
storage price determination, the futures price must be considered as an 
endogenous variable whose value Is determined simultaneously with cash 
and storage prices. For seasonally produced commodities, the average 
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cash price for the year depends upon the demand and supply for the 
commodity. Futures prices, however, are determined directly by hedger 
and speculator demand for and supply of futures contracts. Market 
equilibrium as represented by the futures price, is the balance of net 
hedging and net speculation. The greater concern is that the futures 
price for the commodity and contract period is dependent upon the per­
ceived demand and supply situation in the commodity market. 
The spread between the cash and futures prices was defined above 
to be the price of storage. Theoretically, the equilibrium level of 
the price of storage (FP^ - P^) and the size of the inventory (I^) at 
a point in time are jointly determined by the supply of and demand for 
storage (see Figure 3.6). The demand for storage is related to con­
sumption demand and the demand for inventory at the end of the period 
(Brennan, 1958, p. 52). The quantity of storage demanded is inversely 
related to the price of storage. The price of storage influences the 
amount of storage over the season. If the difference between futures 
and cash price exceeds the cost of storage, this will provide an incen­
tive to store the commodity by selling futures contracts and holding 
the commodity for future delivery. A negative price of storage, 
referred to as an inverted market situation, is usually considered to 
reflect a current shortage of the commodity. 
t+k 
FP 
SST 
DST 
FP 
t-1 t-1 
EDF-
t+k 
*FP 
t+k (FP 
I +G +CD 
CD Short Long 
C open 
contract 
Cash market equilibrium b. Futures market equilibrium c. Storage market equilibrium 
Figure 3.6. Theoretical general equilibrium in cash, futures and storage markets 
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Within this framework, the equilibrium situation is presented 
diagrammatically in Figure 3.6. In Figure 3.6a, the average cash price 
for the year is dependent on the total supply (SS^ + + 
and total demand (CD^ + + G^). P* is the equilibrium price 
and I*, G*, CD* are equilibrium quantities of private inventory, 
government stock and current disappearance, respectively. 
In the futures market, traders can be classified into two groups: 
hedgers and speculators. In this discussion, hedgers are described as 
traders who have taken the opposite position in the cash and futures 
markets. Speculators are traders who have both bought and sold futures 
at different times. Both hedgers and speculators can be in "long" or 
"short" or "both" positions.! 
Futures market equilibrium is achieved when demand for and supply 
of futures contracts are equal, i.e., 
*L + - «S + S; (3-34) 
where : 
Hl = net long hedging 
Hg = net short hedging 
Sl = net long speculation 
Sg = net short speculation 
^Buying futures contracts is "long" while selling futures is 
"short". 
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Rewrite equation (3.34) as 
\ - =S • "s - \ " (3-35) 
EDF = ESF (3.36) 
where : 
EDF = excess demand for futures contracts for speculators 
ESF = excess supply of futures contracts by hedgers 
In Figure 3.6b, the intersection of the EDF curve with the ESF curve 
t^ 'lc 
gives the equilibrium level of the futures price *FP^ , and the net 
commitment C* in terms of open contracts measured in units of the cash 
commodity in that period. 
The storage market equilibrium, is shown in Figure 3.6c. 
Efficiency in storage occurs when supplies are distributed through time 
so that the marginal return to storage in each period is equal to the 
marginal cost of bringing a commodity to that period. 
Simultaneous equilibrium occurs when there exists a proper price-
quantity linkage between the three markets. In general, if all three 
markets are in competitive equilibrium, then in Figures 3.6a, 3.6b, and 
* 
3.6c, the difference between the equilibrium cash price, (P^) and the 
futures price, (*FP^ ) is equal to (FP^ - P^)*. The equilibrium 
* 
level of inventory, I^ , in Figure 3.6a must be equal to the equilibrium 
level of inventory, I* in Figure 3.6c. Since the basis will affect 
the level of inventory and the economic return to storage, the simul­
taneous determination of cash and futures prices reflects the interde­
pendence of the three markets. 
98 
The theory developed is particularly relevant to those commodities 
produced once but stored and utilized throughout the year.^ 
The behavior of hedgers, merchants and speculators affects cash and 
storage markets. The prices generated from cash and futures markets 
further give market-determined prices of storage, which provide incen­
tives or determine stocks to be stored. In essence, 
a. Hedgers carry stock and reduce their risk by selling futures 
in an amount equal to the quantity of stock they intend to 
carry over to the next period. Hedger's actions are deter­
mined by cash and futures prices. 
b. Merchants carry unhedged stocks and react to the present cash 
price and the expected cash price in the futures. They are 
really speculators in cash. 
c. Speculators buy futures contracts according to the level of 
the futures price relative to the expected cash price. They 
do not carry stocks of the commodity. 
It is assumed that markets are perfectly competitive. Expecta­
tions about the spot price for future periods are given. The model has 
three markets distinguished as follows: 
1) The Storage Market 
The demand for storage arises from those who plan to be hold­
ers of stocks in the next period. This includes merchants who 
hold unhedged stocks and speculators who plan to take delivery 
on futures contracts. 
^The model is restricted to the interharvest period of a period­
ically produced storable commodity. The model could be made more 
general by adding a supply equation to incorporate harvest changes. 
This will be considered in a later section. 
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The supply of storage Is provided by those who hold stock 
during the present period, including hedgers who hold hedged 
stocks and merchants who hold unhedged stocks. 
2) The Futures Market 
The supply of futures contracts is provided by short hedgers 
and speculators. The demand comes from long hedgers and spec­
ulators In futures contracts. 
3) The Cash Market 
Demand arises from present consumption while supply in the 
spot market must be allocated to current consumption and 
storage. 
The market interdependence relationships and the three-market 
equilibrium can be presented diagrammatically using Figure 3.7. In the 
' I 
diagram, consumption demand DD is a decreasing function of the spot 
price. It is not affected by a change in the futures price. R^R^is 
the supply of (and (%emand for) unhedged storage by merchants. It is 
r 
drawn for a given cash price and with a higher cash price it would 
shift to the left. is the ,supply of hedged stock by hedgers and is 
drawn for a given cash price P^. For a higher cash price, it would 
also shift to the left^. DF is the demand for futures contracts by 
speculators. The totaj. demand ^or storage by speculators and merchants 
(DST) is the horizontal^summation of and DF at each future prlqe 
level. The total supply, of storage by hedgers and merchants (SST) i^ 
the horizontal summatlon^of R^R^ and HS. , 
* 
The equilibrium futures price FP^^ is determined by the intersec-j 
tion of DF and HS, i.e., the equality of demand for and supply of 
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FP f 
HS 
DST = R,R,+DF 
SST=HS+R,R. 
DD 
FP 
Figure 3.7. Determination of cash and futures prices with 
storage market interdependence^ 
^The quantities of storage and of futures contracts are 
measured from left to right on the horizontal axis and con­
sumption is measured in the opposite direction. The futures 
price is shown on the left-hand ordinate and the cash price is 
shown on the right-hand side. 
101 
futures contracts, or alternatively of DST and SST, The total quantity 
* 
of storage forthcoming at is OOg, of which 00^ is supplied by 
hedgers and O^O^is supplied by merchants. Since total stock of the 
commodity to be allocated is OH, this leaves O2H for present consump-
* 
tion. Given the consumption demand curve DD, the cash price is and 
* * * 
the equilibrium price of storage is which is equal to FP^- P^^. This 
price difference will also affect storage behaviors and hence other 
components in the system since these markets dynamically and simulta­
neously interact. 
There are three equilibrium conditions in this model. Total 
stocks must be allocated between storage and present consumption demand 
and the cash and futures prices must equate demand and supply in the 
cash and futures markets respectively. For empirical purposes, the 
role of futures price can be taken into account in the storage market 
since the futures-cash price differential reflects price of storage. 
Therefore, the simultaneous equilibrium in the cash and storage markets 
also captures the interdependence of the cash, futures and storage 
markets. 
For a general equilibrium to exist, there must be a set of prices 
in these three markets allowing all these markets to clear. Under such 
conditions the consumers and the firms maximize their utility. In the 
context of risk management, the simultaneous equilibrium of the three 
markets is indicative of the process of finding an equilibrium point 
between risk-bearers and risk-averters. 
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The model developed in this study depends not only on these theor­
ies but also on information from other models. The next chapter will 
cover a review of the literature. 
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CHAPTER IV. LITERATURE REVIEW 
The structure of the model used In this study Is based on eco­
nomic theory and previous Information from other models. The purpose 
of this chapter is to review the models of commodity and storage market 
equilibrium. The empirical partial equilibrium models dealing with 
cash and/or futures markets are first reviewed. This discussion focus­
es on the shortcomings of the previous modeling efforts for the corn 
and/or soybean sectors. Then, the theoretical general equilibrium in 
cash, futures and storage markets is reviewed. Finally, a fundamental 
model, which incorporates the role of futures prices and captures the 
simultaneous equilibrium in the cash and storage markets for corn and 
soybeans, is presented. 
Empirical Partial Equilibrium Models 
The usefulness of a model depends on how well it can reflect the 
". . . economic, political and social phenomena affecting demand and 
supply."! Commodity models are constructed to provide a quantitative 
representation of a commodity market or industry. However, econometric 
models must be used with caution. The use and development of formal 
models to describe the determination of individual commodity prices and 
sector relationships is still proceeding in economic research. 
^Labys (1973 and 1976) surveys the various approaches to com­
modity modeling. 
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Cash market models 
There are three dimensions to commodity markets: time, space and 
form. Thë manner in which the time element has traditionally been 
captured in commodity models is through the use of lagged variables 
(e.g. Nerlove, 1958) and subsequent estimation of short- and long-run 
responses. Corn and/or soybean models have been developed either to 
measure supply response (Houck and Ryan 1972, Houck and Gallagher 1976; 
Ryan and Abel 1972; and Gallagher 1978) or to measure demand elastici­
ties (Brandow, 1961, and Womack, 1976). When single equation models 
are used, "feedback relationships" are not considered and causality is 
only In one direction. Multi-equation supply models (Penn 1971, 1976) 
and multi-equation demand models (Houck, 1964; Womack, 1976; Vander-
barre, 1967) have also been considered. These models can represent the 
simultaneity of all the interrelationships between a set of variables. 
Since the equilibrium price and quantity in the corn and soybean market 
are determined by both demand and supply of corn and soybeans, one­
sided models do not adequately account for equilibrium determination 
processes. 
Recently, Meyers and Hacklander, (1979), Meyers and Baumes (1980), 
Womack and Baumes (1979), and Womack (1981) have developed corn or 
soybean models using a simultaneous equations approach. Both supply 
and demand equations were estimated in the models and results implicit­
ly showed that corn and soybean markets are highly interdependent. 
However, the two sectors were not Integrated in these models. The 
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problem with these model specifications is that they limit simultaneity 
to variables within the sector under study while treating other vari­
ables as predetermined. This treatment ignores sector interrelation­
ships and treats some variables as if they were predetermined when they 
are essentially endogenous. The result is that the price determination 
process is not adequately modeled. If an individual commodity market 
interacts with other commodity markets, it cannot be treated in isola­
tion. With respect to corn and soybeans, a conceptual model in which a 
number of livestock products, feeds, and oils are considered together 
is more realistic than either an aggregate model or one dealing with a 
single commodity. Womack, Meyers and Johnson (1981) have recently 
developed a more integrated model addressing some of the above Issues. 
However, they have not considered futures market activities. 
As indicated above, both corn and soybeans are heavily traded in 
futures markets. Futures markets provide two functions, forward pric­
ing and intertemporal allocation, which enable merchants to manage 
price risk (Tomek and Gray, 1971). Corn and soybean merchants' produc­
tion and inventory decisions cannot be presumed to be made in the 
absence of futures market information. Since the models discussed in 
this section concentrated only on the cash market, the role of the 
futures price in inter-temporal resource allocation was Ignored. 
Futures market models 
Very few commodity models consider the role of futures markets 
even though it has been more than 30 years since Working's pioneering 
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studies (1948 and 1949) emphasized the essential Interdependence of 
cash and futures markets. The general areas of economic Inquiry with 
respect to futures markets Include the concepts of hedging, specula­
tion, Intertemporal price relationships, futures trading strategies and 
the effects of futures trading on cash price stability. Most research­
ers have studied the functions of futures markets and the strategies of 
futures trading (Gray and Rutledge 1971, Peck 1975). Their analyses 
are theoretical discussions and focus on individual interpretation of 
chart patterns and other technical Indicators. This technical analysis 
is highly subjective and overly concerned with the market symptoms of a 
particular commodity. 
Modeling futures and cash market Interrelationships can be accomp­
lished through Working's theory of the price-of-storage (1948, 1949). 
He demonstrates that the negative or positive cash-futures price dif­
ferential can be considered as the price of storage for continuous 
inventory commodities. 
By applying this theory, Brennan (1958), Telser (1958), Tomek and 
Gray (1971) and Peck (1976) have examined the intertemporal relation­
ships for corn, soybean and wheat. They found that the Interdependence 
between cash and futures price can not be neglected. In their empiri­
cal studies only a supply-of-storage equation is considered. In the 
Brennan and Telser models, the demand for storage is also considered 
but it is limited to a theoretical discussion. The reasoning is that 
the demand curve is presumed to shift frequently, while the costs of 
storage and hence the supply-of-storage curve are less volatile. 
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A series of observations on the basis (price of storage) and on inven­
tories permits the identification and estimation of the supply curve of 
storage. 
The supply-of-storage curve for a single commodity which is inde­
pendent of another may be highly elastic over a wide range of stock 
levels (Working, 1949). However, since corn and soybeans both compete 
for storage space, a traditional upward-sloping supply curve is ob­
served (Paul, 1970). Furthermore, both price and quantity of storage 
are determined through the equality of demand and supply of storage 
functions. Thus, the analysis using supply-of-storage alone is not 
sufficient. 
The supply-of-storage theory does not constitute a complete model 
of price determination because the absolute level of either cash or 
futures prices remains undetermined. There are three variables in this 
model : FP^ , , and where FP^ is the futures price quoted at 
time t for time t+k in the future, P^ is the cash price at time t, 
and is the basis or FP^ - P^. If any two of these variables are 
treated as independent, the third is then determined. Commodity market 
equilibrium is simultaneously related to consumption demand, production 
and inventory demand. Models, therefore, should incorporate cash and 
futures markets, as well as the storage market. 
108 
In an effort to resolve the above difficulties, Peston and Yamey 
(1960) and Stein (1961) discussed the simultaneous determination of 
cash and futures prices when storage prices are included. However, 
their approach was theoretical and no empirical results were derived. 
More recently. Peck (1976), Subotnik and Houck (1979) and Kahl (1979) 
have done research on commodity models which included empirical evi­
dence of the simultaneous determination of cash and futures prices 
using three interdependent markets. Except for Kahl (1979), the models 
use only a supply-of-storage equation to link cash and futures markets. 
Demand for storage is assumed to be determined by a market clearing 
identity. Furthermore, the above models are applied either to the corn 
or to the soybeans sector separately. The two sectors are not inte­
grated to capture the competitive effects arising from the simultaneous 
utilization of production resources and storage facilities. 
Another aspect of the role of futures markets in commodity markets 
is that the futures price is sometimes used as the expected price in 
production decisions. Gardner^ (1976) has empirically tested the 
hypothesis that soybean producers respond to futures prices in making 
production decisions. Annual data from 1950-74 was used. Since this 
model does not account for structural changes occurring since 1973/74, 
a more up-to-date model is needed to estimate and analyze the current 
effect of futures prices in supply response. 
^Miller and Kenyon (1979) also used futures prices to test 
supply response in hog and pork markets. 
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In summary, previous studies dealing with corn and soybean sectors 
have tended to concentrate on an Individual commodity, or a particular 
component of the market equilibrium process. When a multi-commodity 
model was used, futures prices were not Incorporated as endoge­
nous. 
Theoretical General Equilibrium Models 
Relatively few papers on general equilibrium models In the cash, 
futures and storage markets have been published. Among the pertinent 
studies In this area are those by Stein (1961 and 1964), Wymer (1973), 
Peck (1976), Subotnlk and Houck (1979) and Kahl (1979). 
Stein (1961 and 1964) 
Stein derived the optimal hedge for mean-variance utility maximi­
zation, recognizing the simultaneity of cash and futures price deter­
mination. These studies are concerned with explaining the allocation 
of an individual's stockholding between hedged and unhedged stocks. In 
these analyses, futures contracts permit the delivery of a commodity 
which is held in storage. The hedging procedure used Is as follows: 
At ti, the stockholder buys stocks spot and hedges by selling future 
contracts: then, at t2 the stockholder sells the cash stocks and 
closes his futures position by buying futures contracts equal to the 
number initially sold. 
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Stein's models include storage and futures markets. The link 
between these two markets is the supply of hedged storage, which also 
equals the supply of futures contracts. Two curves are developed to 
simultaneously determine the cash, futures and storage prices. One 
curve gives the cash price and basis set (P,B) which equilibrate the 
supply of and demand for storage. Another curve gives the cash price 
and basis set (P,B) which equate the supply of and demand for futures 
contracts. Both markets are in equilibrium where the above two curves 
intersect. 
In the storage market, the supply of storage comprises the supply 
of unhedged storage (U) and of hedged storage (H): 
SST = U (EP^ - P - M) + H [(EP^ - EFP^) + B - M] (4.1) 
where 
Eph = Hedger's expected cash price 
EFph a Hedger's expected futures price 
B = FP - P 
M = Net marginal cost of storage 
Eph - p - M = Expected return per unit unhedged stock 
(Eph-EFph) + B - M = Expected return per unit hedged stock 
The demand for storage (DST) is the quantity of stock in existence 
including the beginning stocks SST^ ^ and the excess supply in the 
current period EXj- » EX (P,A), and is written as: 
DST = SST^ ^ + EX^(P,A) (4.2) 
Ill 
where 
P - cash price 
Â " shift parameter 
EX^ = SS^ - DDj. and SS^ and DD^ are current supply and 
consumption, respectively. 
Equilibrium in the storage market requires SST * DST, i.e., 
U(EP^ - F - M) + H I(EP^ - EFP^) + B - M] = SST^_^ (4.3) 
+ EX^ (P,A) 
P and B are thought of as endogenous variables and FP is known. 
Differentiating equation (4.3) with respect to P, we obtain 
4. H , M 
8P 3B * 8P ~ 3P 
thus (4.4) 
9EX 2E. 
3B 3P " 3P 
> 0 3P 3H 
3B 
dKX 3U 3H 
since >0, — <0 and — > 0 by theoretical hypotheses. The 
3P 3P 3B 
storage market equilibrium curve is positively sloped and can be drawn 
as STE in Figure 4.1. 
In the futures market, the supply of futures contracts (SF) is 
equal to the demand for hedged stock (or supply of hedged storage): 
SF = H[(EP^ - EFph) + B - M] (4.5) 
The demand for futures contracts (DF) is provided by long speculators 
who expect to make a profit of EFPS - FP on each futures contract 
purchased. 
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Basis 
STE 
B* 
PTE 
Cash Price P* 
Figure 4.1. Stein's model of cash, futures and storage market 
equilibrium 
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DF = G (EFPS - FP) 
= G (EFPS - B - P) (4.6) 
since 
FP = B + P 
Equilibrium in the futures market requires SF = DF, i.e., 
H [(EP^ - EFP^) + B - M] = G (EFP® - B - P) (4.7) 
Differentiating equation 4.7 with respect to P 
M 
3B 
M 
3P 
. i® 12 
3B ' 3P " 9P 
(4.8) 
Therefore 
M 
3P 
9B 3B 
^ 3H , „ 3G 
since — > 0, — > 0, — > 0 by theoretical assumption. This futures 
3P 3B 3P 
market equilibrium curve has a negative slope and can be drawn as PTE 
in Figure 4.1. 
Simultaneous equilibrium in the storage and futures markets is 
represented by the intersection of two loci, STE and FTE. This yields 
the equilibrium value of the cash price P* and the basis B*, hence the 
equilibrium value of futures price is also determined, FP* (= P* + B*). 
Stein's mathematical model may be stated as follows: 
SSI^ . b; + b, EP^ - bjP^ + b^FP^ - b, EFpJ - bjMj 
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DST^ = SST! , + SS^ - DD^ 
t t-1 t t 
DST = SST (4.9) 
t t 
SF^ . d, + djEpJ -d^EPP^ + d^PP, -dgP, 
SF^ = DF^ 
Endogenous variables are; DD^, P^, FP^, SST^, DST^, SF^, and DF^. 
Stein has thus expressed general equilibrium in the cash, futures 
and storage markets. In this model, storage demand is determined 
through a market clearing identity. Production (SSj.) is fixed. 
Though this model incorporates both hedger and speculator demand for 
and supply of futures contracts, it is not tested empirically. 
Wymer (1973) 
The main purpose of Wymer's study is to illustrate the application 
of a continuous time model of commodity markets. Both cash and futures 
markets are incorporated in this model. Wymer attempted to construct 
a commodity model in which future prices are endogenously determined. 
To achieve the simultaneous equilibrium in cash and futures markets, 
the model is specified as a continuous time model in the form of a 
recursive system of mixed-order stochastic differential equations: 
DP(t) = a^[I(t) - I(t)l - ag [SS(t) - CD(t)] + U^(t) 
D^CD(t) = a^y [CD(t) - CD(t)] - a^ DCD(t) + UgCt) 
(4.10) 
(4.11) 
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D^FP(t) - o 0 lEP(t) - FP(t)l - (3 + a) DFP(t) + U^Ct) (4.12) 
I(t) = SS(t) - CD(t) (4.13) 
DCD(t) = Y [^D(t) - CD(t)] (4.14) 
A 
CD(t) = OQ - P(t) + a^t + V^(t) (4.15) 
A 
I(t) = gg - e^P(t) + B2FP(t) + pgt + V2(t) (4.16) 
where 
P(t) = cash price at time t 
FP(t) = futures price at time t 
I(t) = stock at time t 
SS(t) = rate of production at time t 
CD(t) = rate of consumption at time t 
A , 
CD(t) = desired rate of consumption at time t 
A^ 
I(t) = desired level of stock at time t 
U^(t), U2(t), Ug(t), V^(t), V2(t) are stochastic error terms in 
period t, and means the r*"^ order stochastic difference and it can 
be thought of as the rate of adjustment. 
In equations 4.10 and 4.11, it is assumed that production and 
consumption adjust to excess supply and demand and that producers have 
some desired level of stocks. Prices respond to both excess stocks and 
the rate of change in stocks. The futures price equation (4.12) can be 
Interpreted as showing the adjustment of futures prices to expected 
cash prices EP(t), i.e.. 
DFP(t) = a [EP(t) - FP(t)] (4.17) 
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with the expected price being defined as a first order adaptive expec­
tations function: 
DEP(t) = g [P(t) - EP(t)] (4.18) 
where a and 3 are adjustment coefficients. 
According to this model, it is assumed that futures prices adjust 
according to the difference between expected cash price and futures 
price, and that the expected cash prices are determined by some dis­
tributed lag function of cash price. The desired level of stocks is 
dependent on not only cash prices, but also futures prices. 
Wymer applied this model to the world sugar market, using the 
futures price as an endogenous variable in the inventory equation to 
determine the desired inventory level. Wymer (1973, p. 186) noted 
that ; 
" . . .  a l l  p a r a m e t e r s  h a v e  t h e  s i g n s  e x p e c t e d  a  p r i o r i  e x c e p t  
either 3, the rate of adjustment in the price expectation function 
or a, the rate of adjustment of futures prices. This will tend to 
make the model unstable. The hypothesis that price expectation, 
or futures, are determined as shown by the model must be 
rejected." 
Wymer's application had difficulties in modeling the futures 
prices determination process. This difficulty may be due to the speci­
fication of the expectations formulation process. Two weak points in 
this model that should be pointed out are : 
1. Since cash and futures price are highly correlated, if both 
prices are used in regression analysis multicollinearity results (see 
Equation 4.16). 
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2. For a storable commodity, the futures-cash price differential 
refers to a market-determined price of storage (Working, 1948) and 
determines storage. Cash, futures and storage market interdependence 
should Incorporate this differential into the price determination proc­
ess. 
Peck (1976) 
Feck developed a model of annual simultaneous equilibrium in cash 
and futures markets. The focus is the inter-year stability of com­
modity prices in the presence of futures trading. In order to capture 
the futures market mechanism in an annual framework. Peck directly 
Incorporated a futures-price equation into the model. This futures 
price equation is derived from the equilibrium condition in the futures 
market. The structural model of the futures market is based on the 
portfolio model used by Rutledge (1972) to describe hedging behavior. 
The futures market can be represented by the following equations : 
1-1 (EAPj., EAB^+l, Vj.) 
SP^"^^= (EAFpt+1, Uj.) (4.19) 
DF^+^ = Spt+i 
where DF^^^ and SP^^^ are net hedging and net speculation in period t 
for the contract with delivery in period t+i. EAP^, and 
t+i 
EAFP^ are expected changes in the cash, basis and futures prices, 
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respectively. Vt and are the appropriate variance-covarlance 
matrices for hedgers' and speculators' portfolios. Market equilibrium 
and the resulting futures price are the balance of hedger and specula­
tor demand and supply of futures contracts. Solving the above system 
of equations gives the equation that explicitly determines the futures 
prices: 
= *3 (EAP^, EAB^"*"^) (4.20) 
The futures contract of particular concerna is the one that represents 
the new crop maturity. In an annual model, t is the current crop year 
and t+i refers to the next crop year if 1 = 1. 
The above formulation (equation 4.20) of hedger and speculator 
behavior can be cast in an annual model and estimated by incorporating 
three additional assumptions : 
a) Cash and futures prices are assumed to be equal in the 
delivery period, i.e., maturity basis equals zero, which 
implies 
EAB^+l = 
EPt+i = EFPt t+1 
b) The basis, = FP^"^^ - P^ 
the size of inventory Ij- to 
, is primarily a function of 
be carried between years. 
c) EFP^"*"^ is a function of the expected supply 
new crop year relative to expected demand . 
Given these assumptions the futures-price equation can be rewritten as 
.t+1 
FP t = *4 (If ""t+i) (4-21) 
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A change in the relevant value of the future-price equation will 
have an effect on all other endogenous variables in the system. The 
system can be further considered as two cases. Model A describes the 
situation where producers do not use futures price but make the produc­
tion decision in an adaptive expectations fashion. Model B in contrast 
assumes that producers use the futures price generated by futures mar­
kets in their production decision. 
Model A 
DDt -
- «0 + 
P» - . X(P^ - P».^) 
\ • 't-1 + 
Model B 
DDt = «0 - «l^t 
n-1 FP t-1 
- P, 
^ + ^ l^t 
FP 
t+1 
Endogenous variables are: DD^, SS^, P^. P*_2, FP^^^ and 1^. 
6o + *1 1; + «2 SS +^i 
(4.22) 
(4.23) 
(4.24) 
(4.25) 
(4.26) 
(4.27) 
The cash market is represented by the demand and supply equation 
(4.22), (4.23). In the storage market, the supply-of-storage curve 
(4.25) is based on Working's model (1948, 1949) discussed previously. 
However, the demand-for-storage curve is simply given by the market 
clearing identity (4.26). The futures-price equation is incorporated 
to capture the futures market behavior and determines the futures 
price. 
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Peck's models of general equilibrium in cash and futures markets 
are useful, though they were not tested empirically. Model development 
was used only to induce cash and futures price relationships for stabi­
lization purposes. 
Subotnik and Houck (1979) 
Subotnik and Houck's quarterly model focuses mainly on stocks, 
intertemporal price behavior, corn inventory behavior and cash and 
futures prices for corn. Based on the theory of the firm, the demand 
for current corn utilization, the supply of corn for current utiliza­
tion, and demand for stocks are derived from all participants' maximiz­
ing expected profit in light of their attitude toward risk. Under the 
rational expectations hypothesis, the futures price is used as a proxy 
for the expected cash price in the future. Therefore, the expected 
profit of any economic agent involved in the production and/or market­
ing of corn is 
El. (X^, 1^)1 - P» . £(X^) - X; + - P°1 I, - C(I^) 
= pj . f(Xj.) - pC + (pf ^ \ - C(I^) (4.28) 
where 
EHJ. = expected profits at time t 
f(Xt) = production function of outputs by using corn X as inputs 
at time t 
£ 
P^ = market price of output (livestock) at time t 
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ppt+1^ futures price of corn observed at time t for delivery in 
t+1 
= cash price of corn at time t 
= cash price of corn expected for period t+1 formed at time t 
It = ending stocks corn at time t 
0(1%) = cost function for carrying stocks from time t into t+1 and 
t+1 c (FP^ - P^) = the riskless return to corn storage. 
Joint profit maximization involves both current production and stock­
holding. Setting the partial derivative of E(n) with respect to %% 
and 1% equal to zero, implies that 
- P^= 0 (4.29a) 
(Fpt+1 - p^) - C (1^) = 0 (4.29b) 
or 
f (Xj.) = P^ (4.30a) 
Fpt+1 - pC = C' (I^) (4.30b) 
Expected profit maximization requires not only that corn be uti­
lized up to a point at which the value of its marginal product equals 
its price, but also that the marginal cost of carrying stocks from t to 
t+1 equals the return to carrying stocks. Solving equations (4.29) or 
(4.30) gives the demand function for current utilization of corn, and 
the demand function for inventories, 
DD^ •= f(P^, P*) (4.31) 
*•4.1 /» 
It = g(FPt - Pp (4.32) 
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Since this Is a quarterly model of the corn market, production occurs 
only in the first quarter of the crop year. Stock is held from t to 
t+1 either to sell it in the cash market or to use it directly. This 
is the source of utilization, because supplies for current utilization 
(QQ^) may come only from those agents who initially held stock (I^ 
Hence, 
DD^ = QQj. (4.33) 
and 
It-1 = °°t + It 
= QQt + If (4.34) 
The supply of corn for current use can be further derived from equation 
(4.32) and (4.34): 
QQt = \-i - \ 
= It_i - gCFPt"^^- Pfc) (4.35) 
thus 
QQj. = h(FP^+^ - P^, It_i) (4.36) 
Futures prices generated by organized futures markets provide 
incentives to store corn and also affect the current use of corn. For 
analytical purposes, economic agents in the corn market are divided 
into two groups: Those who actually carry physical stocks into period 
t+1 and those who do not but are involved in the market. Three-market 
equilibrium is shown In Figure 4.2 (Subotnlk and Houck 1979, p. 5). 
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Figure 4.2. Cash, futures and storage market equilibrium as 
modeled by Subotnik and Houck (1979) 
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In Figure 4.2, assuming that storage and handling costs are lower 
for those who hold physical stocks than those who do not, IJM is the 
marginal cost function of storage for those who hold stocks, while NR 
is for those who do not hold stocks, but are involved in the com mar­
ket. Subotnik and Houck allow that those who do not hold actual corn 
stocks may wish to hold stocks in some following period. This may 
cause the demand for stocks to exceed the supply of stocks. High-cost 
agents represented along function NR will wish to carry more stocks if 
c 
FP - is at a higher level. However, if they face risk after 
point T, they will demand fewer physical stocks, along TV. According 
to Stein (1961), these groups will use hedging and will meet the need 
for future inventories by purchasing contracts for forward delivery. 
At point V, these agents will hold no actual stocks. They will pur­
chase VW futures contracts from those who hold stocks. The remaining 
WZ stocks will be unhedged. Therefore, the total demand for carryout 
stocks is the sum of the demand by those who actually carry it into the 
following period, and those who demand stocks that come from high-cost 
agents in the market. This summation is curve L Y F Z. An equilibrium 
is achieved where the demand-for-stocks curve intersects the supply-of-
stocks curve L Y Z M, at point Z. The equilibrium level of the price-
of-storage - P^)* and storage I* is determined. Given P^ then 
t+1 
FP^ is also determined. Hence, equilibrium will occur in both cash 
and futures markets. 
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Subotnlk and Houck have shown the equilibrium situation of the 
three markets. Their model does not explicitly include a supply-of-
stock equation, although it is implicitly Included in the supply-for-
current-use equation (4.36). Their theoretical model for simultaneous 
determination of cash and futures prices can be summarized as : 
DDt " *1 - *2 P; + «3 Pj 
*•4-1 c 
QQt = b^ + bgCFP^ - Pj.) + bg (4.37) 
^ - K'> 
DD^ = OOj. 
It-1 = + It 
Endogenous variables are; DD^ FP^^^, P^, and QQ^. 
A characteristic of the Houck and Subotnlk model is that it deter­
mines one-quarter-ahead futures prices and current quarter cash prices. 
In this model, futures prices are endogenous through the storage-equa­
tion. The spreads between futures and cash prices are directly used as 
the market-determined price of storage. 
Kahl (1979) 
Kahl attempted to develop a theoretical model to explain the dy­
namics of basis behavior throughout the year. The model was developed 
by using the portfolio theory and Stein's conceptual framework, as 
previously discussed. This research focuses on the physical commodity 
corn and a designated corn futures contract. 
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The futures contract permits the delivery of the commodity which 
Is held In storage. The volume of futures contracts that traders, 
hedgers or speculators sell or buy Is assumed to be the same as the 
quantities of hedged stocks. In modeling the futures market, Kahl 
used portfolio theory to determine the individual's optimal holding of 
hedged and unhedged stocks. The physical commodity and the correspond­
ing futures contracts are considered as two assets that traders want to 
hold. The portfolio analysis gives the optimal quantity of futures 
contracts and optimal stockholding for traders who do participate in 
the cash market (Kahl 1979, p. 8): 
(4.38a) 
(4.38b) 
and those who do not 
(4.39a) 
(4.39b) 
where 
q^^ = commodity (corn) measured in bushels held by an 
individual in period t 
q^^ = long futures contracts (measured in bushels) held by an 
individual in period t 
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2 
= the variance of estimated net returns for holding 
commodity corn until t+1, given the information in t 
2 
°2t " variance of estimated net return for holding long 
futures contracts until t+1, given the information in t 
Pt = the correlation coefficient between estimated corn net 
returns and corn futures contract price in t+1, given 
information in t 
At = the expected net return for holding commodity from t to 
t+1 
<j)t = the expected net return for holding long futures 
contract from t to t+1 
X = the risk aversion factor which is positive, since 
individuals are assumed to be risk averse 
At and <|)t; can be written as 
V ' Vi> - (1 + "t - (1 + Y,) d, 
•t -
where 
Yt = the riskless interest rate (the opportunity cost of 
money) in period t 
dt = the cost of holding commodity from t to t+1, payable at 
time t 
Pt = cash price of commodity in period t 
FPt = commodity futures price in period t 
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Equations (4.38) and (4.39) indicate that the optimal futures 
contract holding is dependent on risk aversion and the expected profits 
for both stockholding and futures contracting. The futures market is 
In equilibrium where the total long contracts outstanding (demand for 
futures) is equal to the total short contracts outstanding (supply of 
futures). Equilibrium requires that the summation of the individual 
value of q^2j. (or all individuals (1=1, 2 . . .n and n=n^+ n^) In the 
economy equals zero.l 
r -i: 
+ I [ (2A)— = 0 
l=ni+ 1 Ggt 
where 
n^ = the numbers of trades who hold actual commodity 
n2 = the number of trades who hold no actual commodity 
The aggregate private demand for inventory , given by equation 
(4.41), is the sum of the individual demand functions for inventory 
consistent with equation (4.39a). Since only n^ individuals are 
commodity holders, it is necessary to sum the q^^^ from 1 to n^: 
^As in previous studies, this analysis, in effect, equates the 
(excess) supply of futures by commodity holders (hedgers), represented 
by the first term in equation (4.40), and the (excess) demand for 
futures of noncommodity holders (speculators), represented by the 
second term in equation (4.40). Futures market equilibrium is where 
the (excess) demand for futures is equal to the (excess) supply of 
futures. 
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Ojl^^(l-p ) it 
This market demand for private inventory is dependent on the expected 
price difference in both the cash and futures markets (including 
(j)t term in the equation). 
In the cash market, the total demand for the commodity is the sum 
of private demand for inventory 1^, governmental demand for inventory 
G[, and the demand for current disappearance CD^, which includes 
both export and consumption demand. Government inventory demand is 
treated as exogenous. The demand function for current disappearance is 
fit as a function of the current cash price Pt 
CD^ = a^ - ag (4.42) 
Effects of exogenous shifters - income, population, exchange rates, 
etc., are incorporated in the intercept of this consumption demand 
function. 
Cash market equilibrium can be expressed as 
\-l + «t-l - It + G, + CD^ («•") 
or that the total demand in the current period equals the sum of the 
private and governmental stocks in the previous period. 
In Kahl's study, demand for private inventory 1^, represents 
private commodity demand for storage space since, 
"whenever one unit of inventory is demanded, one unit of 
storage space is simultaneously demanded. Since storage space 
and inventory are joint products in fixed proportions, 
private commodity demand for storage space is already 
included in the equation (4.41)." 
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The supply of storage space available for storing private com­
modity inventories can be represented as a relationship between the 
price of storage SPt and the quantity of private commodity storage 
space supplied If^ It can be written as 
SPt = bq + b^ I^ (4.44) 
Unlike previous studies, which generally accept Working's demon­
stration that the supply of storage curve for a single commodity may be 
highly elastic over a large range of stock levels and only consider 
storage supply curve, Kahl explicitly posits the demand and supply of 
storage. 
Theoretically, the general equilibrium for these three markets 
can be shown in Figure 4.3 (Kahl, 1979). The above five equations 4.40 
through 4.44 can be reduced to three market equilibrium conditions. By 
using a back-to-back diagram, the set of equilibrium prices in P^, 
FP^, SP^, space can be determined. See Figure 4.3, the FF curve de­
notes all points in P^, FP^ space for which the futures market is in 
equilibrium. Holding all other variables constant, the position of the 
FF curve is only dependent on the value of SP^. Along the CC curve, 
all points (P^, FP^) show cash market equilibrium. The position of the 
CC curve is determined by the value of SPj; if all other variables are 
held constant. The intersection of the FF and CC curves gives a P^, 
^Kahl's supply of storage space and demand for storage space are 
measured in the unit of commodity as inventory. Therefore, his concept 
is synonymous with Working's. 
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EE 
SS 
* * 
SP SP 
Figure 4.3. General equilibrium in cash futures and storage markets 
according to Kahl's model 
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FPt combination for which cash and futures markets are in equilibrium 
for a particular value of SP^. The locus of all SP^, FP^ combinations 
on the EE curve in the back-to-back diagram are consistent with inter­
sections of appropriate FF and CC curves. Finally, for any P^, FPt 
combination corresponding to the EE curve and thus to cash and futures 
equilibrium, one can graph the SPt consistent with the supply of 
storage space equation (4.44) to obtain curve SS. The SP^ value, 
which is determined by the intersection of SS and EE curves, is identi­
cal to the one used in constructing the cash and the futures market 
equilibrium. As demonstrated in Figure 4.3, points A and B correspond 
to the general equilibrium in all three markets. The equilibrium 
* * * 
prices are P^, FP^, SP^. 
For estimation purposes, the model may be modified as follows: 
CDt = *0 - *1 ^ t 
I? - "o - "l - "2"; 
l| = Co + Cj (FP^+1 - P;) 
I t  -1 :  
DF^+l = dg + d^ EAFPJ"*"^ (4.45) 
SF^"^^ = e^ + e^ EAP^ + e2EA(FP^'^^ - P^) 
®^t + ^ t-1 + :t-i = + Gt + It 
Endogenous variables are: CD^, I^, I®, DF^^^, SF^^^, FP^^^, P^ and 
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Kahl's model is thus a useful representation of the simultaneous deter­
minations of cash, futures and storage market equilibrium. Market 
behavior which ultimately leads to an equation for basis determination 
is the primary objective of this study. Like Peck's model, simultane­
ous nature has not been directly tested through a simultaneous-equation 
structure. 
Model comparison 
For comparison purposes, a mathematical summary of the these five 
models is given in Table 4.1. With the exception of Peck's model, all 
models treat intra-harvest supply as a predetermined variable. Since 
Peck developed models to analyze the long-run commodity price stabili­
zation problem, the supply function is explicitly specified as either 
Nerlovian or as a function of futures prices to capture dynamic market 
behavior. 
Futures prices enter the models as endogenous variables via either 
the storage market or futures markets. In the Stein and Wymer models, 
the supply of storage function is estimated as a function of the ex­
pected cash price and expected futures price. Peck, Subotnik and 
Houck, and Kahl consider demand and/or supply of storage as a function 
of the "spread" between cash and future prices. They generally accept 
"the theory of price of storage" developed by Working and assume that 
the market is efficient. 
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Table 4.1. Summary of mathematical models developed in previous 
studies 
Stein (1961, 1964) 
SS^ = Predetermined 
SSTj. - b + bjEp'' - bjP + bjFP - bjEFP - b^M 
DST = SST , + SS^ - DD 
t t-1 t t 
DST^ = SST^ 
SF = d^ + dgEP^ - dgEFP^ + d^FP - d^P - d^M 
DF = E^ + EGEFP^ - E^FP 
SF = DF 
Wymer (1973) 
DP(t) = a^ [I(t) - I(t)] - a^ [SS(t)-CD(t)] + U^(t) 
D^FP(t) = aB[EP(t)-FP(t)]-(B+a) DFP(t) + U2(t) 
D^CD(t) = a2Y[CD(t)-CD(t)] - a3DCD(t) + U3(t) 
I(t) = SS(t)-CD(t) 
I(t) = Pq - B^PCt) + gg FP(t) + g^t + V^(t) 
CD(t) = «0 ~ °1 P(t) + a^t + V^(t) 
DP(t) = g [P(t) - EP(t)] 
DFP(t) = a [EP(t) - FP(t)] 
DCD(t) = Y [CD(t) - CD(t)] 
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Table 4.1. Continued 
Peck (1976) 
Model I Model II 
' "o - ""t - "o -
• ®0 + «1^-1 
* * * 
^ - Vi = A(Pt-Pt-i) 
FP^"^^- = Yq + It 
\ = It-1 + 
FP^ = ^0 + + "^2®®t+l 
SSt = 00 + GlPt-l 
* t 
Pt-1 = Fft-1 
= ^0 + ^ l^t 
\ = \-l + 
FR 
t+1 
ÔQ + 6j_I^+ 62SSt+l 
Subotnlk and Houck (1979) Kahl (1979) 
SS^ = Predetermined 
DD^ = a^ - agP^ + agPj 
,t+l _c, 
SS^ = Predetermined 
CD^ = ag- a^P; 
_t+l 
«t • bi + tgCPt - + "3 it-1 :t ° -'t' - "z'ft 
It - =1 - '2 
DD^ = QQ^ 
SS^ + It_i . DD^ + I, 
< - "=0^1<^C - V 
DF^"*"^ = dg + d^EAFpt^l 
DF^"*"^ = SF^"*"^ 
+ ^ t-1^ "t-l " (Dt + Gt + It 
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In Peck's model, a futures price equation obtained from futures 
market equilibrium is used to model futures price determination. In 
the Houck and Subotnik model, the supply of the commodity for current 
utilization (QQt) is also estimated as a function of the price 
"spread." Stein considered the supply-of-storage as equivalent to the 
demand for hedged and unhedged stock. Consequently, his supply-of-
storage equation Includes hedger's expectations as well as the current 
basis. 
The Stein, Peck, Subotnik and Houck models consider only supply-
of-storage because they view the market-clearing identity as the demand 
for storage. However, Kahl argued that if two or more commodities 
compete for storage facilities, then a supply or demand for storage 
equation alone will not accurately specify the storage price determina­
tion process. Hence in her model, both supply and demand for storage 
curves are explicitly specified. 
The Wymer model is specified as a continuous time model in the 
form of a recursive system of mixed-order stochastic differential equa­
tions. Price and quantity adjustment functions are estimated using a 
Nerlovian lag formulation. Futures prices are endogenously determined. 
However, the futures price equation, unlike Peck's specification, Is 
estimated as a function of the change In futures price and the spread 
between the expected cash and future prices. The desired Inventory is 
fit directly as a function of the cash and futures prices but not a 
function of the "spread." The effect of Inventory expectations is also 
incorporated in the cash price equation. 
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Theoretical Model Mathematical Specification 
Along with the theoretical background and the review of previous 
modeling efforts, a model which takes into account the role of futures 
price and captures the simultaneous equilibrium in the cash and storage 
markets for corn and soybeans can be constructed and represented in 
mathematical form. In the cash market, the supply equations need to 
contain both the prices of corn and soybeans. Demand side equations, 
need to contain not only the commodity prices but also the price of 
livestock since both corn and soybeans are used as feeds. 
The Interdependence of cash, futures and storage markets can be 
captured by treating the futures price as endogenous in the demand and 
supply of storage equations (since the difference between cash and 
futures price refers to price of storage). 
The mathematical model which is consistent with the conceptual 
framework of Figure 3.7 for the interrelated corn and soybean sectors 
can be represented as 
corn supply Q® = f^ [P^, , G, X] + (4.46) 
corn demand = f_ [P , P. , X] + e-
c 2 c KS ^ 2 (4.47) 
soybean supply Q® = f^ [P^, P^, G, X] + 
soybean demand = f, [P , P„ , X] + e, 
s 4 s £s ~ 4 
(4.48) 
(4.49) 
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supply of corn ST® = f [FP - P , FP - P , G, X] + (4.50) 
c 5 c c s s ~ ~ 5 
storage 
Demand for corn ST*^ = f [FP - P , G, X] + e, (4.51) 
c 6 c c ~ ~ 6 
storage 
Supply of soybean ST® = f, [FP - P , FP - P , G, X] + e, (4.52) 
s 7 s s c c ~ ~ 7 
storage 
Demand for soybean ST*^ » f_ [FP - P , G, X ] + £„ (4.53) 
8 o 8 S o 
storage 
(4.54) 
(4.55) 
Storage market ,ST* = ST" (4.56) 
c 
equilibrium ^ST® = ST^ (4.57) 
Market clearing r + ST^ = Q® (4.58) 
II 
FP -
c 
P 
c 
B = 
S 
FP -
s 
p 
s 
ST® = : ^
c 
ST® = 
S : *8 
II 
V
 < 
ST*^ = 
s < Identities + (4.59) 
where 
Q® = quantity supplied of corn 
= quantity demanded for corn 
Q® =» quantity supplied of soybeans 
Qg = quantity demanded for soybeans 
ST® = quantity supplied of storage for corn 
ST^ = quantity demanded for storage for corn 
ST® = quantity supplied of storage for soybeans 
ST^ = quantity demanded for storage for soybeans 
P^ = cash price of corn 
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Pg = cash price of soybeans 
FP = futures price of corn 
c 
FP^ = futures price of soybeans 
= corn basis (price of storage) 
= soybean basis (price of storage) 
P^ = price of livestock and its products 
G = government policy variables 
X = other exogeneous variables 
The variables endogenous to this model are : 
< •  i '  i '  i -  K -  » ' ' c '  " s -  K -  » s -
The model specified above disregards the temporal distribution of 
adjustments. However, due to the inherent time lag in agricultural 
production, the model should be formulated under the assumption that 
the current price will not have a significant influence on current 
production. Instead, producers base their production decisions on 
expected price. Several hypotheses can be made that take into 
account formation of price expectations. If the distributed lag 
hypothesis is used, the supply equations (4.46), (4.48) use lagged 
prices as expected prices. However, within the spirit of the 
rational expectations hypothesis, in this research, futures prices will 
be utilized as expected prices in making production decisions for corn 
and soybean producers. 
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Based on this fundamental model, the Integrated corn-soybean 
structural equations for empirical analysis will be constructed and 
discussed in the following chapter. 
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CHAPTER V. ECONOMETRIC MODEL FOR CORN AND SOYBEANS 
The theoretical considerations were presented in Chapter III and 
the mathematical model was presented in Chapter IV. To make the model 
presented in Chapter IV reflect the corn and soybean markets more real­
istically, principal economic relationships are specifically formulated 
and the appropriate variables affecting each relationship are consid­
ered in this chapter. The use of an integrated approach demonstrates 
the interrelated nature of and common phenomena in the U.S. corn and 
soybean markets. In this Chapter, additional information on price-
quantity responses is considered by investigating the dynamics of corn 
and soybean planting and marketing. The econometric model will then be 
outlined and discussed. 
Dynamics of Production and Consumption 
Model development requires a clear understanding of the chrono­
logical order of corn and soybean production and utilization decisions. 
As indicated diagrammatically in Figure 5.1, the crop marketing year in 
the U.S. is October to September for corn and September to August for 
soybeans. Planting occurs in late April through early May for corn and 
from May through June for soybeans. Harvest occurs from September to 
December with the corn harvest occurring before the soybean harvest. 
A farmer's decision about corn and soybean planting can be made 
any time prior to planting but is typically made after the previous 
a  3 t3 
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Figure 5.1. Dynamics of corn and soybean production and utilization 
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crop has been harvested. By using futures markets, farmers can deter­
mine the price at which they can sell their crops before the crop is 
planted or after the crop is planted but before it is harvested. The 
new crop futures quotes for corn and soybeans at these times are hy­
pothesized to contain important price information affecting the produc­
tion decision. In this study, the average prices of the December corn 
futures and November soybean futures contracts for the crop year are 
used to reflect growers' price expectations at harvest. Thus, futures 
prices generated from futures markets enter into production decisions 
and partially determine production. 
Corn and soybeans are produced seasonally and stocks are carried 
continuously throughout the year. After harvest, corn and soybeans 
either move into the market or are stored. Current corn and soybean 
utilization is strongly affected by cash prices; however, storage needs 
are guided by cash-futures price relationships. As shown in Figure 
5.1, prices are quoted on December corn contracts and November soybean 
contracts during the entire storage period. These may more strongly 
affect annual storage behavior than any other corn and soybean futures 
contracts. Hence, in this study, it is assumed that December corn and 
November soybean futures reflect price expectations for corn and soy­
beans stocks and provide a market-determined price of storage. 
Outline of the Structural Model 
This section presents an integrated econometric model of the U.S. 
corn and soybean sectors incorporating both types of interdependencles 
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described previously. Data sources are listed in Table 5.1a. The 
structural relationships are presented and the endogenous variable 
names'- are presented alphabetically in Table 5.1b followed by the 
predetermined variable names in alphabetical order. 
Table 5.1a. Data sources for Table 5.1b 
AS - USDA, Agricultural Statistics 
CBT - Chicago Board of Trade, Statistical Annual Data 
CPB - USDA, Crop Production, Crop Reporting Board 
CYB - Commodity Research Bureau, Commodity Yearbook 
FATUS - USDA, Foreign Agricultural Trade of the U.S. 
FOS - USDA, Fat and Oil Outlook and Situation, ESCS 
GS - USDA, Grain Stocks, Crop Reporting Board 
IFS - IMF, International Financial Statistics 
SBCM - US Department of Commerce, Survey of Current Business 
UNSY - United Nations, Statistical Yearbook 
Model specification 
The model consists of production, domestic demand, export demand, 
and storage relationships which are displayed by 19 structural equa­
tions and 10 identities. The identities specify definitional relation­
ships and equilibrium conditions under which markets must clear. The 
model structure is: 
^The data for the variables in this study came from various 
published reports indicated in Table 5.1. However, other variables 
that have been constructed are discussed in ^pendix A. 
Table 5.1b. Variable Definitions (1960-1981) 
Variable Description Unit Source 
Endogenous Variables 
CCORPF Wholesale price of corn, #2 yellow, in the U.S. $/bu. AS 
CORDH Corn food demand M.bu. AS 
CORDF Com feed demand M.bu. AS 
COREC U.S. corn export to EEC M.bu. FATUS 
CORJA U.S. com export to Japan M.bu. FATUS 
CORPF Corn farm price received by farmers (simple average) $/bu. AS 
CORDS Com used as seeds M.bu. AS 
CORHC Corn total stock M.bu. AS 
CFST Com free stock at the end of time t (Sept. 30) M.bu. AS 
CORSA Corn acreage planted M.acres AS 
CNFP Cora futures (closing) price for December delivery $/bu. CBT 
CNBS Corn December basis (price of storage) $/bu. AS CBT 
HAPAC Ratic 1 of harvested acreage to planted acreage of corn $/bu. AS CBT 
HAPAS Ratio of harvested acreage to planted acreage of soybeans AS 
SOYJA U.S. soybeans exported to Japan M.bu. FATUS 
Table 5.1b. (continued) 
SOYEC U.S. soybeans exported to EEC9 M.bu. FATUS 
SOYSA Soybean acreage planted M. acres AS 
SOYSC Soybeans quantity crushed M.bu. AS 
SOYDS Soybeans used as seeds M.bu. AS 
SFST Soybean free stock at the end of time t (Aug. 31) M.bu. AS 
SOYHC Soybean total stock M.bu. AS 
SOYPF Soybean price received by farmers (simple average) </>
 
AS 
SOYPM Wholesale price of soybeans, #1 yellow in the U.S. $/bu. AS 
SYFP Soybean futures (closing) price for November delivery $/bu. CBT 
SYBS Soybean November basis (price of storage) $/bu. AS CKT 
YC Corn production M.bu. AS 
YS Soybean Production M.bu. AS 
YPHC Com yield per harvested acreage bu. AS 
YPHS Soybean yield per harvested acreage bu. AS 
Table 5.1b. (continued) 
Exogenous Variables 
BESUT Effective support price for soybean 
CCNL Corn CGC stocks plus farmer-owned reserve stocks 
CESUT Effective support price for corn 
CNFWC Feed gain other than corn 
CPI Consumer Price Index 1967 = 1.00 
CORNOI Corn oil, domestic disappearance 
CORPA Corn threshold prices, Jan. 1 in EEC 
CNDR Effective corn diversion rate 
CNSPHE9 Com production plus beginning stock in EEC9 countries 
CNOW Corn export to countries other than Japan 
COTTONI Cottenseed oil, domestic disappearance 
D70 Dummy variable, 1970 = 1, otherwise = 0 
D734 Dummy variable, 1973, 1974 = 1, otherwise = 0 
DPI72 Per capita disposal personal income in 1972 dollars 
ECNP Farm animal population units in EEC9 
ECNI National income index for EEC9, 1976 = 100 
$/bu. 
M.bu. 
$/bu. 
M/ tons 
M. lbs. 
UAO/M.T. 
$/bu. 
1000 M.T. 
M.bu. 
M.lbs. 
$ 
thou 
AS 
AS 
AS 
AS 
AS 
AS 
AS 
FATUS 
AS 
AS 
SB CM 
UNSY 
UNSY 
Table 5.1b. (continued) 
GCAU Grain consuming animal unit in the U.S. M AS 
HAPU High protein animal unit in the U.S. M AS 
HPFWM High-protein feed meal other than soymeal Thou, ton AS 
IMCN Corn import into U.S. M.bu. AS 
JMFO Japan import corn from other countries 1000 M.T. FATUS 
JANP Farm animal population units in Japan thou. UNSY 
JANI National income index for Japan 1967=100 UNSY 
LIVP Price index for livestock and livestock products in the 
U.S. 1967 = 1.00 AS 
LAROOl Lard, domestic disappearance M. lbs. CYB 
OFRJ Ocean freight rate, U.S. (gulf-port) to Japan $/bu. FATUS 
OFRE Ocean freight rate, U.S. (gulf-port) to EEC $/bu. FATUS 
PHC Com production forecast (next crop year) by Crop Report 
Board, USDA M.bu. CPE 
PHS Soybean production forecast (next crop year) by Crop 
Report Board, USDA M.bu. CPB 
PRE Index of farm prices received by farmers 1967 =1.00 AS 
PALMOI Quantity of palmoil imported into the U.S. M.lbs. CYB 
Table 5.1b, (continued) 
SBBZP Soybean production in Brazil M.buZ CYB 
SDR U.S. dollars per SDR $/SDR IFS 
POP Total population in the U.S. M SBCM 
SOMPM Soybean meal price, 44% protein, Decature $/ton FOS 
SOQ Soybean CGC stocks plus ending stocks under loan and reseal M.bu. AS 
STO Off-farm grain storage capacity thou bu. GS 
SBOW Soybean export to other countries other than Japan and EEC9 M.bu. AS 
TAPP Average Sept.-June (preseason) precipitation, July and August 
rainfall for IL, IN, lA, MI and OH. (CORN BELT states) Inches USDA 
T Trend variable 1961/62 = 1, 1962/63 = 2 . . . 
Ti Farm-wholesale price differentials for com and soybeans $/bu. AS 
WHPF Wholesales prices of wheat, #1 hard red, in the U.S. $/bu. AS 
ACRVC Crop year to crop year change in variable costs per acre 
for corn $/acre AS 
ASYVC Crop year to crop year change in variable costs per acre 
for soybeans $/acre AS 
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I. Supply Block 
A. Acreage planted 
Corn 
CORSA^. f [(^),, O,. CORSA^.i, O,. T] 
+ (5.1) 
Soybeans 
SO^SA^- f  tOf Of SOTSAt-l' (Sf Of 
+ (5.2) 
B. Crop survival from planting to harvest 
Corn 
HAPAC^ = f [TAPP^_i, TAPpJ_^, T] + (5.3) 
Soybeans 
HAPAC^ = f [TAPP^ TAPP^_^, T] + (5.4) 
C. Crop yields per harvested acre 
Corn 
YPHC^ = f [ACRVCj., TAPP^_^, TAPP^_^, T, D70] + (5.5) 
Soybeans 
YPHSj. = f [ASYVC^, TAPP^ TAPP^ T] + (5.6) 
II. Domestic Demand Block 
A. Major demand 
Corn feed demand 
.CORDF ^ CORPF .SOMPM HPFWM ^CNFWC, , 
^GCAU ^t l^LIVP ^t' ^LIVP ^t' ^HPAU ^t' ^GCAU t' ^ 
+ y-j (5.7) 
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Soybean crush demand 
,SOYPM, ,HPFWM, ,LIVPT ,CORNOL SOYSC t - « (mr't-
B. Minor demand 
Corn food demand 
^ (§r)t' + V, (5.9) 
Corn seed demand 
CORDS^ = f [CORSA^, T] + (5.10) 
Soybean seed demand 
SOYDS = f [SOYSA^, T] + (5.11) 
III. Export Demand Block 
A, To Japan 
Corn 
CORJA^ = f [(CCORPF^+^OFRJ^^^ JANP^, JANI^., JMFOj 
+ (5.12) 
Soybeans 
SOYJA^ = f [(SOYPM^+^OFRJ^^^ JANP^., JANI^, SBBZP^] 
+ (5.13) 
B. To EEC9 
Corn 
COREC^ = f [CORPA^, ECNP^, ECNI^, CNSPHE9^) + (5.14) 
Soybeans 
SOYEC^ = f [(SOYPM^+^OFRE^^^ ECNP^, ECNI^, SBBZP^] 
+ (5.15) 
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IV. Inventory Determination Block 
A. Demand for storage 
Corn 
nMoc 
CFSTj, . £ CFST|._J, YC^,, PHC^, CCNL^] 
+ '16 
Soybeans 
SFST^ = SFST^ ^, YSj., PHS^, SOQ^] + (5.17) 
B. Supply of storage 
Corn 
CORHCt = f (§r)t' ST°t' + ^ 18 (5-18) 
Soybeans 
SOYHC^ = f [(§P),, (§P),, STO^. T] + (5.19) 
V. Identities 
A. Production identities 
Corn 
YC^ = CORSA^ * HAPAC^ * HPHC^ (5.20 
Soybeans 
YSj. = SOYSAj. * HAPAS^ * YPHS^ (5.21) 
B. Basis definition 
Corn 
CNBS^ = CNFP^ - CORPF^ (5.22) 
Soybeans 
SYBS^ = SYFP^ - SOYPF^ (5.23) 
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C. Total stock definition 
Corn 
CORHC^ = CFST^ + CCNL^ (5.24) 
Soybeans 
SOYHC^ = SFST^ + SOQ^ (5.25) 
VI. Equilibrium conditions 
A. Farm-wholesale price linkage 
Corn 
CORPF^ = CCORPF^ - T^^ (5.26) 
Soybeans 
SOYPF^ = SOYPM^ - T^^ (5.27) 
B, Supply-demand equality 
Corn 
CCNL^_^ + CFST^_^ + IMCN^ + YC 
= CCNL^ + CFST; + CORDS^ + (^), * GCAU^ + 
* POP^+ CORJA^ + CORECj. + CNOW^ (5.28) 
Soybeans 
SOQ , + SFST , + YS 
t-1 t-1 t 
= SOQ + SFST + SOYDS + SOYSC + SOYJA + SOYEC 
t t t t t t 
+ SBOW^ (5.29) 
The Issues underlying each of the major structural component of 
the model are now discussed: 
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Supply block As distinguished from a production function, 
which describes the physical relationship between output and various 
inputs, a supply function is more concerned with the response of output 
to one or more prices (Labys 1973, p. 38). Production can be decom­
posed by Oury's identity as 
Q, . d, * (1) 
where d^ is the number of producing units and is the yield per 
producing unit (Labys 1973, p. 39). Due to variations in crop surviv­
al , the ratio of harvested acreage to planted acreage enters the iden­
tity, as 
\ \/dt* \ (2) 
where d^ is acreage planted, h^ is harvested acreage, and is 
the yield produced per harvested acre. The components d^, h^Yd^ and 
Yj- can be defined as functions of economic, ecological, technologi­
cal, institutional, or uncertainty factors. The annual crop production 
block for corn and soybeans is designed to model the production fron­
tier between corn and soybeans. Actual production is determined ac­
cording to relative expected profitability. 
Production, beginning stocks, and imports are summed to give total 
supply. 
Corn acreage planted equation (Equation 5.1) By applying 
the rational expectations hypothesis as discussed in Chapter III, 
futures prices can be used to account for producer's unobservable but 
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anticipated output price. That is, futures prices are proxies for 
expected prices for corn and soybeans. This is consistent with the 
notion that economic agents are optimizers and avoid the use of ad hoc 
formulations (Nerlove 1958). Corn acreage planted is formulated as a 
function of the corn futures price (CNFP), and the futures price of 
soybeans (SYFP), a competitive crop. Futures prices generated from 
futures markets provide producers with forward-looking prices and their 
inclusion allows a statistical test of the importance of futures prices 
in supply response. Policy variables such as corn diversion payments 
(CNDR) and corn and soybean effective support prices (BESUT/CESUT) are 
included to indicate farmers' reactions to government policies in mak­
ing corn, soybean and other crop planting decisions. An increase in 
the corn diversion payment rate or an increase in the ratio of the 
effective soybean support price to effective corn support price would 
be expected to reduce corn acreage planted. 
Lagged acreage (CORSA^ is included according to the partial 
adjustment hypothesis as a measure of factors preventing a complete 
year-to-year adjustment in plantings. 
Technology is another factor expected to affect plantings. 
Changes in cultural practices or the introduction of new equipment 
could alter the corn production process. Time trend (T) was introduced 
as an explanatory variable to account for possible technological 
changes. 
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The hypothesized relationships between the variables and corn 
acreage planted are; 
3C0RSA 9C0RSA 3C0RSA 9CORSA 
^ 0» CVT?D < 0, 0 < aorVDC A ^ UWCITT ^ 
,,CNFP^ ' ./SYFP^ > V. ^ 9C0RSA_ , ^ "\,BESUT^ 
^(pET^t ^(pB-)t 3 (emir) t 
3C0RSA 3CORSA 
< 0, and 7 0 
s/CNDR. " ' " 9T < 
^PRE \ 
Soybean acreage planted equation (Equation 5.2) Using the 
same independent variables and modifying Equation 5.1, the soybean 
acreage planted equation can be estimated. The corn diversion payment 
variable (CNPR) represents the hypothesis that the corn diversion pro­
gram indirectly affects soybean acreage planted. An Increase in the 
ratio of the effective soybean support price to the effective corn 
support price (BESUT/CESUT) would be expected to increase soybean acre­
age planted, but the corn diversion payment (CNDR) effect on soybean 
acreage planted is somewhat ambiguous. The hypothesized relationships 
between the variables and soybean acreage planted are: 
9S0YSA^ 9SOYSA^ 9 SOYSA^ 9SOYSA^ 
77SYFP7 ^ TJCOTPT < 0» O < asôYSÂT , - ^'TTBÊSUT^ ^ 
®^PRl-\ BtcËsûr't 
9S0YSA 9SOYSA 
f o a n d - ^  I  
^PRE \ 
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Corn crop survival equation (Equation 5.3) The corn acre­
age harvested (HC^) is usually less than planted acreage (AC^). It was 
hypothesized previously to be affected by weather conditions and bio­
logical characteristics. Previous models (Meyers and Hacklander 1979, 
Womack 1976) assumed the ratio of HCj- to AC^ to be a constant. 
Since in this study, unharvested acreage is hypothesized to result from 
inclement weather, this ratio is fit as a function of the weather vari­
able, total precipitation (TAPP) and the time trend (T) which is used 
to reflect the effect of resistance to pesticide and other biological 
characteristics. In general, 
3HAPAC 3HAPAC 3HAPAC . 
" 
t-1 
Soybean crop survival equation (Equation 5.4) This equa­
tion is similar to Equation 5.3. but the dependent variable is the 
ratio of harvested soybean acreage to planted soybean acreage. The 
hypothesized effects are: 
9HAPAS 3HAPAS 3HAPAS . 
t—1 
Corn yield per harvested acre equation (Equation 5.5) As 
mentioned in previous chapters, annual variation in yields results 
largely from uncontrollable events such as weather conditions, Insects 
and diseases. The yield-per-harvested-acre (YPHCt) Is hypothesized 
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to be a function of weather and technological factors. Total precipi­
tation (TAPP^_^) is a proxy variable for weather, while trend (T) is a 
proxy for the scientific and technological changes in corn (soybean) 
varieties. A change in variable cost per acre (ACRVC) is also includ­
ed. An increase in input costs or abnormal weather conditions would be 
expected to reduce yields. The dummy variable (D70) is created to 
account for corn blight in 1970. The hypothesized signs are: 
3YPHC 3YPHC 8YPHC 8YPHC 3YPHC 
3ACRVC^ ^ 3TAPP^_j^ ^ 3TA^ ^ ° 3D70 ° 
t-1 
Soybean yield per harvested acre equation (Equation 5.6) 
Given the effects indicated in Equation (5.5), soybean yield per har­
vested acre (YPHS) is fitted as a function of the exogenous variables 
2 
ASYVC, TAPP^_^, TAPP^ and T. The hypothesized effects of the exoge­
nous variables are: 
3YPHS^ SYPHSj. SYPHS^ 3YPHS^ ^ 
3ASYVC^ ^ 3TAPPj._^ ^ 3TAP? ^ ^  ° 
t-1 
Domestic and export demand block The demand submodel consists 
of the equations for corn demanded for feed, seed and exports, and 
soybeans demanded for crushing, seed and exports. In order to account 
for the influence of countries whose internal prices are Insulated from 
the United States, the demand for U.S. exports of corn and soybeans is 
disaggregated into three separate geographic markets, the EEC, Japan, 
and the rest of world (ROW). U.S. corn and soybean exports to Japan 
and EEC9 are modeled by Equations 5.12, 5.13, 5.14, and 5.15, while 
159 
U.S. corn and soybean exports to ROW are treated as exogenous. This 
treatment is justified since a small proportion of exports go to coun­
tries other than Japan or the EEC9. 
The soybean crushing demand is derived from soybean meal and oil 
demands. The meal and oil utilization in either domestic or foreign 
markets is directly reflected in the U.S. soybean crush demand. This 
is indicated in Equation 5.8. 
Corn feed demand equation (Equation 5.7) Corn demanded 
for feed is derived from the demand for livestock products. Under the 
assumption of profit maximization, this demand should depend on output 
and input prices as argued in Chapter III. It is hypothesized that 
domestic feed consumption per animal unit is a function of the price of 
com (CORPF) and the price of soybean meal (SOMPM). Both are deflated 
by a price index of livestock and livestock produces (LIVP). This 
assumes that livestock producers Increase the feeding rate when crop 
price (corn and soybean meal) decreases relative to livestock and live­
stock product prices. Other high-protein-feed per animal unit (HPFWM/ 
HPAU) (excluding soybean meal) and a non-corn feed grain per animal 
unit (CNFWC/GCAU) are also used to reflect feed ingredient substitution 
and complementarities. 
A dummy variable for 1973/74 (D734) reflects abnormally high grain 
feeding in that year, relative to retail meat prices. Meat prices 
during this time were frozen due to the Nixon Administration's wage-
price freeze. It indicates that the "price freeze" year (1973/74) 
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significantly altered the industry structure. The hypothesized rela­
tions between the right-hand side variables and the dependent variables 
are : 
,,CORDF, „,CORDF^ .,CORDF^ „,COSDF^ 
^GCAU ^  ^GCAU ^ ^GCAU ^ ®^GCAU 
^ oTwDM UDirUM ^ ruTDLTr ^ 0 
^/CORPF\ " ^,SOYPM^ < ' ^,HPFWM\ > ^,CNFWC^ 
^LIVP \ ^LIVP \ ^HPAU \ ^GCAU \ 
-
9 D734 ^ ° 
Soybean crushing demand equation (Equation 5.8) Demand 
for soybeans is derived from demand for soybean meal and oil, and is 
therefore a function of the soybean price and the price of soybean 
products. However, as indicated in Chapter II, a linear combination of 
these prices is used to avoid the problem of multicollinearity and to 
account for meal and oil sector effects. The price of soybean meal is 
further hypothesized to be a function of soybean meal use per animal 
unit (SOYML/HPAU), corn price deflated by index of price of livestock 
and its products (CORPF/LIVP) and use of other high protein feed per 
animal unit (HPFWM/HPAU). This is because demand for soybean meal is a 
derived demand from the livestock industry. The livestock and live­
stock product price index (LIVP) is the output price, while the prices 
of corn and soybean meal are the input prices. The quantity of other 
high protein meal (HPFWM) accounts for the remaining substitute 
inputs. 
The price of soybean oil is further considered to be a function of 
per capita soybean oil consumption (SOYOI/POP), per capita disposal 
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personal incomes, (DPI72) and prices of other oil substitutes. Soybean 
oil is used extensively in the manufacture of margarine, shortening, 
and salad and cooking oil. Cottonseed oil (COTTOI) and corn oil 
(CORNOI) are used in the manufacture of salad and cooking oil, margar­
ine, and shortening, thus competing with soybean oil in the vegetable 
oil market. In recent years, palm oil (PALMOI) has occupied a notice­
able position in the vegetable oil market, competing with soybean oil 
in the manufacture of shortening. Lard (LÂRDOI) is also a viable 
competitor and represents the influence of animal fat in the oil mar­
ket. We hypothesize that with an increase in the availability of these 
various substitutes, the demand for soybean oil will fall. All these 
soybean oil substitutes are measured on a per capita basis. 
Given the above considerations, the U.S. demand for soybeans is 
finally fitted as the function indicated in Equation 5.8, where 
3S0YSC 3S0YSC 3S0YSC 9S0YSC 
TTSOYPM^ ^ ^ ^,HPFWM, 3DPI72 
^^LIVP ^^HPAU 
aSOYSC 3S0YSC 3S0YSC 
t tl 
CORNOI \ ^,COTTONI\ PALMOI^ ° 
( POP ^ POP ( POP 
3S0YSC^ 
,,LARDOI, ° 
^ POP 
Corn food consumption equation (Equation 5.9) Based on 
demand theory, demand for corn for human consumption is fitted on a per 
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capita basis as a function of the price of corn (CORPF/CPI), the price 
of its substitute, wheat, (WHPF/CPI) and per capita disposal personal 
income (DPI72). 
Food demand is a minor component of overall corn demand since only 
ten percent of corn production is directly used for food. The corn 
products are classified as either diry processed products (corn meal and 
flour) or wet processed products (com sugar, com starch, corn syrup 
and corn oil). Since wheat food products are often substituted for 
com food products, wheat price (WHPF) enters the model to capture the 
substitution effect of corn food utilization. Relationships 
hypothesized by this model are: 
^/CORDH^ ^/CORDH\ ^,CORDHs 
^ POP '^ ^ POP ^ POP 
77CCÔRPF7 ^ ,,WHPF^ ^ ° FDPÏ72 ^ ° 
^("cpï—\ ^(cpr\ 
Corn seed demand equation (Equation 5.10) Seed demand is 
generally related to a producer's expected planted acreage, 
sedJ . t 
where 
SED^ = seed demand of crop i 
E^(A^^j^) = the expected acreage of crop i in the succeeding time 
period (t+k) 
Due to the lack of prior information on producer's expectations 
regarding next year's planted acreage, we assume that 
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I.e., the naive hypothesis is used since planted acreage is strongly 
restricted by the amount of area farmed by an individual. In this 
analysis, the demand for seed corn is related to the acreage planted 
(CORSA) and trend (T) which is included to reflect an increase in the 
seeding rate per acreage. Hypothesized relationships are 
aCORDSj. aCORDS^ ^ 
a CORS A^ > 0 and y  0 
Soybean seed demand equation (Equation 5.11) The soybean 
seed demand is similar to the corn seed demand equation. Soybean seed 
demand is specified as a function of the soybean acreage planted 
(SOYSA) and trend (T), where 
9S0YDS 9S0YDS 
asOYSA^ > 0 and y 0 
Corn exports to Japan equation (Equation 5.12) As indi­
cated in the previous chapter, corn and soybean export demands are 
derived demands from importing countries' food and livestock sectors. 
Therefore, the U.S. corn exports to Japan are hypothesized to be a 
function of the price of corn (CCORPF) in the U.S., Japanese animal 
population units (JANP) and Japan corn import (JMFO) from other coun­
tries, which reflect competition with U.S. corn exports. Increasing 
purchasing power and population growth will increase corn food use 
consumption, which in turn will increase corn feed demand. These 
efforts are captured by Japanese national income (JANI). 
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Transportation costs increase with the distance transported. 
Sampson and Yeats (1979) found that ocean transporatlon charges affect 
corn and soybean exports. In this model, the ocean freight rate for 
corn shipped to Japan (ORFJ) was used as a proxy for transportation 
cost. The dollar value of SDRs^ (a measure of dollar strength) is 
used as a proxy for exchange rate to measure the impact of various 
fluctuation in the value of the dollar. With a devaluation (revalua­
tion) of the dollar, all U.S. grains would become cheaper (expensive) 
to importing countries. As a result, all grain exports increase (de­
crease). To take into account both effects, the Import price facing 
Japan is (CCORPF + OFRJ)/SDR. The hypothesized relationships between 
the independent variables and corn exports to Japan are: 
aCORJA^ aCORJA^ CORJA^ aCORJA^ 
^,CC0RPT + OFRJ^ 8JÂNÏI~ ^  8JANP^ ^ ° 3JMF0_ ^ ° 
SDR 4 ^ 
Soybean exports to Japan equation (Equation 5.13) Unlike 
corn exports, soybean exports are affected less by foreign institution­
al constraints. The EEC has no levy on soybean imports. Japan uses a 
price support program to promote domestic soybean production but makes 
no restriction on imports. Therefore, a free trade model of the soy­
bean sector would seem appropriate. If trade is characterized by free 
trade, price in any two regions will differ by transportation costs and 
ISDR is a special drawing right unit. In the derivation of SDR 
value, the currencies are valued at their market exchange rates for the 
U.S. dollar and the U.S. dollar equivalents of each of the currencies 
are assumed to yield the rate of SDR in terms of the U.S. dollar. 
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the exchange rate. Hence, U.S. exports to Japan (SOYJÂ) and to the 
EEC9 (SOYIE) are hypothesized to be a function of import prices facing 
Japan ((SOYPM + OFRJ)/SDR) and EEC9 ((SOYPM + OFRE)/SDR), respectively. 
National Income level (JANl, ECNI) and animal population units (JÂNP, 
ECNP) are also included. 
In recent years, the production of soybeans in Brazil has greatly 
exceeded its domestic demand, thereby leading to substantial exports to 
Western Europe (especially the EEC countries) and Japan. Annual ex­
ports of soybeans from Brazil are closely correlated with total Brazil­
ian production and compete actively with U.S. soybeans in the importing 
countries of the world. Therefore, Brazilian annual production of 
soybeans (SBBZP) is included in the export demand equation to show the 
influence of competition. 
The final formulation of soybean exports to Japan is Indicated in 
Equation 5.11. Based on the above discussion, the hypothesized rela­
tionships are : 
9S0YJA^ SSOYJA^ 9S0YJA^ BSOYJA^ 
SOYPM + OFRJ\ 3JÂNÏ7" ^  ° 3JANP^ ^ ° âSBBZPT ^  ° 
SDR \ ^ ^ ^ 
Corn export to EEC9 equation (Equation 5.14) Due to the 
Common Agricultural Policy (CAP) of the EEC, the threshold price 
(CORPA) is used to insulate domestic EEC corn prices from fluctuation 
in the world price level. Therefore, U.S. corn exports to EEC9 is 
fitted as a function of the threshold price to capture EEC policy 
insulation effects. For similar reasons, EEC national income level 
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(ECNI), and EEC animal population units (ECNP) are considered as inde­
pendent variables. EEC9 production and beginning stocks (CNSFHE9) are 
included and thought of as substitutes for corn imports in the EEC9. 
Expected relationships are: 
aCOREC^ aCOREC^ aCOREC^ aCOREC^ 
aCORPA^ ^ aECNIj. ^ aECNPj. ^ ° 3CNSPHE9j. ° 
Soybean exports to EEC9 equation (Equation 5.15) The U.S. 
soybean exports to the EEC9 is a function of the soybean import price 
faced by the EEC ((SOYPM + OFRE)/SDR), EEC9 national income level 
(ECNI), EEC9 animal population unit (ECNP) and Brazilian soybean pro­
duction (SBBZP). The reasons for including these independent variables 
are discussed in Equation 5.13. The hypothesized relationships to the 
dependent variable are: 
aSOYIE^ aSOYIE^ aSOSYIE^ aSOYIE^ 
SOYPM + OFREt ^ aËCNÎT" ^ dlCNPl ^ ° aSBBZPT ^  ^  
SDR 4 ^ ^ 
Inventory determination block Both demand for and supply of 
storage are hypothesized to be functions of the price of storage. In 
this formulation, cash and futures price relationships directly influ­
ence storage decisions and are used to test the applicability of the 
price-of-storage theory and to discover whether corn and soybean stor­
age is responsive to the futures-cash price differential. 
Corn demand-for-storage equation (Equation 5.16) Demand 
for storage is derived from consumption demand at some future time. 
The price of storage (CNBS) in the demand equation reflects an implicit 
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storage charge and should be negatively related to the amount of com­
modity stored. As indicated before, demand for storage is also affect­
ed by production and government stocks. An increase in production this 
year (YC) and/or expected production below average next year (PHC) will 
increase the demand for storage.1 The levels of government stocks 
including farmer-owned reserves (CCNL), are included in the free-stock 
equation as they may partially substitute for commercial stock hold­
ings. Economic agents hold a level of commodity stock for transaction 
and speculative purposes. Lagged stock (CFST^ is included as an 
explanatory variable for this reason. A negative sign indicates an 
over adjustment to equilibrium, while a positive sign and a magnitude 
less than unity indicates only a partial adjustment to equilibrium. 
The hypothesized signs are; 
3CFSTJ. 3CFSTJ. 3CFST^ 3CFST^. 9CFST^ 
3CNBS^ ^  ^ 3PHC^ 3CCNL^ < 0 and 0 < gcFST~_j^^ ^  
Soybean demand-for-storage equation (Equation 5.17) The 
demand for soybean storage equation is hypothesized to be a function of 
the price of soybean storage (SYBS), current soybean production (YS), 
expected production next year (PHS), CCC stocks (SOQ) and previous 
levels of soybean stocks (SFST^_j^). Expected relationships are: 
^Current production (YC^) and expected production in the next 
period (PHC^) are used to account for both transactions and precau­
tionary purposes for storing the commodity. 
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ASFSTJ. 3SFST^ 3SFST^ ASFST^ 9SFST^ 
asYBSj. ^ aYSj. ^ aPHS^ ^ asoq^ < o and o < i 
Corn 8upply-of-8torage equation (Equation 5.18) The 
supply-of-storage is provided by those who hold stock during the pres­
ent period and includes hedgers who hold hedged stocks and others who 
hold unhedged stocks. The dependent variable is total storage 
(CORHC). 
The price of storage (CNBS, SYBS) can be considered as a return to 
storage. The greater the return to com (soybean) storage, the larger 
the amount of corn (soybeans) stored and the smaller the amount of 
soybeans (corn) stored. Hence, the supply-of-storage for corn is hy­
pothesized to be a function of the price of storage for corn (CNBS) and 
soybeans (SYBS). 
The supply of storage for a given commodity will shift as storage 
capacity for storing the commodity changes. Therefore, off-farm stor­
age capacity (STO) is used as a proxy for storage space to account for 
this effect. A time trend (T) is used to capture technical change. 
Technological improvement in the storage industry will reduce the cost 
of storage and hence increase its supply, given a constant price of 
storage. Relationships hypothesized in this model are: 
aCORHCj. aCORHG^ aCORHC^ SCOSHCj. ^ 
acNBs^ ^ asYBs^ ^ asTo^ ^ af < ® 
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Soybean supply-of-storage equation (Equation 5.19) Under 
hypotheses similar to those above, soybean supply-of-storage (SOYHC) Is 
hypothesized to be a function of the price of storage for soybeans 
(SYBS), the price of storage (CNBS), storage capacity (STO) and trend 
(T) and 
aSOYHC^ aSOYHC^ aSOYHC^ aSOYHC^ ^ 
3SYBS^ ^ aCNBS^ ^ §STÔ^ ^ 8T < ® 
Identities and market equilibrium conditions (Equation 5.20 to 
5.29) The definitions, technical relationships and market clearing 
identities that establish the simultaneity of the system are stated in 
Equations 5.20 through 5.29. 
Equations 5.20 and 5.21 state the determination of the current 
production of corn (YC) and soybeans (YS), while Equations 5.22 and 
5.23 define the average annual basis for corn (CNBS) and soybeans 
(SYBS), respectively. Equations 5.24 and 5.25 total the storage of 
corn (CORHC) and soybeans (SOYHC). 
Equations 5.26 and 5.27 present the link between the farm price 
and wholesale price of com (CGORPF) and soybeans (SOYPM). The final 
two Equations 5.28 and 5.29 indicate market clearing identities for the 
whole system. 
Summary 
In this chapter, the corn and soybean sectors are modeled. The 
econometric model consists of 19 behavioral equations with six 
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identities and four equilibrium conditions. These equations explain 
demand for and supply of corn and soybeans, demand for and supply of 
storage and price linkage relationships. In the system, the basis, or 
the cash and futures price difference, and storage are endogenous. 
Storage, a component of the total supply and derived demand for future 
utilization, is an adjustment channel in intemporal equilibrium which 
simultaneously determines storage and cash prices and thus, futures 
prices. 
Futures prices also enter into the production decisions. Since 
producers behave as if they are using the futures prices in production 
decisions, the futures prices and production decisions must be viewed 
as simultaneously determined either through Interacting with demand and 
storage subsectors or via identities and market equilibrium condi­
tions. 
In short, corn and soybean production, consumption, storage, cash 
and future prices are endogenous so that the dynamics of the inter­
action of corn and soybean markets may be analyzed and the simultaneous 
equilibrium of cash and storage markets can be accomplished. To esti­
mate and validate the model that is specified in this chapter, the 
econometric techniques and validation procedures used in this study 
will be presented in the following chapter. 
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CHAPTER VI. ECONOMETRIC TECHNIQUES, SIMULATION PROCEDURE AND 
MATHEMATICAL DERIVATION OF THE MULTIPLIERS 
To accomplish the objectives of the study, the correct specifi­
cation of the economic model and the appropriate econometric techniques 
and tests should be considered. Single-equation estimation techniques 
were first used to investigate the specification of the individual 
equations. Because of the simultaneous nature of the system, and be­
cause it was expected that the residuals across equations would be 
correlated, other econometric techniques (for example, three-stage 
least squares regression (3SLS) and autoregresslve three-stage least 
squares regression (A3SLS)), were used to derive final estimates. In 
this chapter, these procedures are described and the Gauss-Seidel solu­
tion procedure, used for model validation, is also discussed. Finally, 
the mathematical derivation of the multipliers is presented. 
Single Equation Model and Estimation 
A single equation econometric model with dependent variable Y, and 
Independent variables , X^, . . , linear in variables and coeffi­
cient, can be written in matrix form as 
Y - Xp + U (6.1) 
where the dimensions of Y and X are T x 1 and T x K, respectively, 3 is 
a K X 1 vector of structural parameters and U is a T x 1 vector of 
random disturbances. The usual assumptions about the disturbance terms 
are 
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E(U) -0 (6.2) 
E(UU') - 0^ 1^  (6.3) 
where is a variance and IT Is T x T Identity matrix. Additional 
assumptions are that 
X is a matrix of fixed observations and has a rank K which is less 
than T, 
Ordinary least squares (OLS) 
Given above assumptions, the ordinary least squares (OLS) estima­
tor of the structural parameters is 
S = (X'X)"^ X'Y (6.4) 
which is a best linear unbiased estimator (BLUE). 
Autoregresslve least squares(ALS) 
If, in the above assumptions (6.3) becomes 
E(U^ ) " and 
E(U^ U^ g^) * 0 for all t and s f 0 
then the OLS estimator is unbiased but not efficient. Also, the pre­
cise form of the t and F tests are not valid. Consider the first order 
autoregresslve scheme 
"t = P"t-1 + ®t (6-5) 
~ NI(0, a^ ) 
Using p ,  the estimate of autoregresslve parameter, to transform the 
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original model yields the error term (et) with properties such that 
OLS can be appropriately applied. This estimation can be accomplished 
by using PROC AUTOREG (SAS Institute, Inc., 1979, p. 131). 
ALS with lagged dependent variable (ALSL) 
Consider the model 
- «0 + + "t (*-*) 
If the U^ 's are serially correlated, then the error term  ^and 
are correlated. OLS or ALS will give biased and inconsistent estima­
tors. In order to resolve this problem, the Instrumental variable 
A 
method (IV) is used. Regress on and  ^to obtain Y^ . A lagged 
A 
variable Y , can be used as an instrumental variable to substitute for 
t-1 
Y^  ^  in Equation 6.6. This Instrument is not correlated with so 
that a consistent estimator will be obtained. 
Structural Forms and Estimation of 
Systems of Equations 
As described by Kmenta (1971, p. 534), the structural form of a 
system of G equations, with G endogenous variables, K predetermined 
variables and n observations can be expressed as 
BYj. + rXj. =• t - 1, 2, . . ., n (6.7) 
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where 
"It 
2t 
L ^ Gt j(Gxl) 
Xlt 
2^t 
\t (Kxl) 
"It 
U, 
2t 
U, Gt (Gxl) 
Y is the set of jointly dependent variables, X is the set of predeter­
mined (exogenous and lagged endogenous) variables, and U is the set of 
stochastic disturbances. F is a G x K matrix of the coefficients on 
the predetermined variables. 
1^1 1^2 
1^2 2^2 
'IK 
'2K ( 6 . 8 )  
Jci G^2 ' G^K. 
Matrix B can have different forms depending on the type of a 
system. If the system consists of all simultaneous equations, matrix B 
of known coefficient is of the form 
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B 
1^1 1^2 
2^1 2^2 
IG 
2G 
G^1 ®G2 • * * G^G 
(6.9) 
If the system consists of equations interrelated through disturbance 
terms, and each equation has only one jointly dependent variable, then 
1^1 ° 
22 
. 0 
. 0 
0 0 . . . B GG 
(6.10) 
This type of system Is not simultaneous but seemingly unrelated. A 
triangular B matrix such as 
2^2 0 ... 0 
2^1 ^ 22 * ' 
(6.11) 
G^1 ®G2 GG 
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Is associated with a recursive system where the flow of causality Is 
unilateral, while a block-recursive system Is represented by 
\l ° 
®21 ®22 
®R1 ®R2 
0 
0 
RR 
(6.12) 
BYt + rx^  - Uj. 
where the B^ l^n this matrix are matrices. 
Simultaneous equation estimation 
Using the definitions established In Equation 6.7, 
t  -  1 ,  2 ,  . . .  n  
In this system of simultaneous equations, the assumption of no serial 
correlation for each equation Is made. I.e., 
(6.13) 
However, the error terms across the equation are likely to be correlat­
ed for each time period, so that 
E(U^ U^j^ ) + 0 for all equations 1 and j (6.14) 
E(U^ U^ g^) = 0 for all t and s + 0 
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As Indicated by Johnston (1972, p. 380), the structural equations 
can be partitioned and If the first (or more generally any) equation of 
the system is to be estimated, it can be represented as 
Yl - W + \ (6.15) 
where 
yi is the n x 1 vector of observations on the dependent 
variable. 
Yi is the n x (Gg-1) matrix of observations on the other 
current endogenous variables included in the equation. 
is the (Gg-1) x 1 vector of structural coefficients associ­
ated with the variables in Y^ . 
Xi is the n X Ki, matrix of observations on the predetermined 
variables appearing in the equation (including a column of ones if ah 
intercept is required) , 
Tl is the Ki X 1 vector of coefficients associated with Xi, 
Ui is the n X 1 vector of disturbances in this equation, 
Gg is the number of endogenous variables in the g^  ^equation, 
Kg is the number of predetermined variables in the g*"^  equation 
and g = 1, 2, . . ., G. 
OLS estimates of the parameters and yi< will be biased and 
inconsistent since the other endogenous variables in the equation, 
Yi, are correlated with the error term, Consistent estimates 
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are provided by two-stage least squares (2SLS), three-stage-least 
squares (3SLS) and autoregresslve three-stage least squares (Â3SLS). 
Two-stage least squares (2SLS) (Intrumental variable technique) 
The procedure for this estimation technique Is: 
1. Use the predetermined variables of the simultaneous equation 
A 
system to construct instruments Y^ , which are purged of the corre-
A 
lation with Ui. is a weighted average of the predetermined 
variables in the system. The weights are chosen so as to maximize the 
A 
correlation between Y^  and Y^ . 
2. Each endogenous variable is regressed on all the predetermined 
A 
variables, and the predicted endogenous variables, Y^ . These pre­
dicted variables are uncorrelated with U^ . For Equation 6.15, Y^  
replaces Y^ , and ordinary least squares is then used to estimate the 
structural equation. 
The resulting 2SLS estimates are consistent but they are not 
asymptotically efficient if there is correlation among disturbances of 
different equations of a simultaneous system. 
Three-stage least squares (3SLS) Three-stage least squares 
yields parameter estimates that are consistent and asymptotically effi­
cient because the correlation of contemporaneous error terms of the 
structural equation is considered. After the first-stage estimation 
has been performed the following system results 
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yi - + U, 
2^ 2^^ 2 *2^ 2 '*' "2 
G^ G^^ G "*" *G^ G G^ 
where the dimensions of the matrices are: 
Yg is n X 1 
Yg is n X (Gg - 1) 
Xg is n X Kg 
gg is (Gg - 1) X 1 
Yg is Kg X 1 
Ug is n X 1 
g = 1, 2, . . . , G 
Alternatively, Equation 6.16 can be written as: 
Yi = h h  + "1 
?2 - GgSz + U, 
G^ G^^ G G^ 
where 
A r A 
(6.16) 
(6.17) 
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[::1 
The equations in (6.17) can be stacked and estimated jointly as 
r A 
Z, 0 
1 
0 
0 
A 
z. 
G J 
U, 
u„ 
u 
G J 
or 
y = Z 6 + U 
Let 
(6.18) 
E(UU') = Oo 
where M is a symmetric and positive definite matrix of order nG. Be­
cause 0 is a positive definite matrix, it can be expressed in the 
form: 
Q =• PP' 
where P is nonsingular. 
Therefore, 
-1 -1 P ^  n P = I 
nG 
,-l Premultiplying Equation 6.18 by P will give; 
y* = + u* 
-1 A -1 A -1 
where y* = P y, Z* = P Z, and U* = P U 
(6.19) 
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From Equation 6.19, E(U* U^ ) = so Equation 6.19 satisfies 
all the assumptions of OLS. The OLS estimator after these transforma­
tions are performed is : 
6 = (Z'n"^ Z)"^ (â'n"V) (6.20) 
Because n is not known, it must be estimated. These estimates are 
obtained from the residuals generated by 2SLS. The resulting estimate 
of 0 is used in Equation 6.20 to obtain a new estimator 6*: 
A A-iA _i A _i 
6* = (Z'O "-Z) ^  (Z'O y) (6.21) 
5* is Aitken's generalized least squares estimator and is also 
the 3SLS estimator. 
Autoregressive three-stage least squares (A3SLS) It is possi­
ble that error terms in some of the equations in the system are serial­
ly correlated, so that the assumption given in Equation 6.13 becomes 
E(Uj.U^ g^) * 0 for s * 0. In such cases, A3SLS, the Integration of a 
first-order autoregressive scheme with 3SLS, is used. It provides more 
efficient estimates than 3SLS. 
The procedure for A3SLS outlined by Wang and Fuller (1978, pp. 9-
11) is: 
1. In the first stage of 2SLS, instruments are constructed for 
all lagged and unlagged endogenous variables. 
2. In the second stage, obtain the estimated residuals, Uj^ 's. 
These are regressed on '^s for each equation i to estimate 
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c=2 "t.l 
ti2 
3. If the Pi for equation 1 is significantly different from 
zero, all variables in that equation are transformed using pj. The 
procedure to correct for serial correlation is 
t = 1 
2 ^ 3 $ # # # n 
t^.l " Vt-1,1' ^ 
and 
t^.l - K Xt_l,l. t = 2, 3, ... n 
Variables in equations without significantly autocorrelated errors are 
not transformed. 
4. Finally, the augmented model is estimated by 3SLS using the 
transformed data. 
Identification 
Estimation of the parameters of the structural equations by apply­
ing simultaneous equations estimating techniques requires that the 
equations be identified. The criteria for identification must be 
applied to each equation in a model by using a rank or an order condi­
tion (Johnston, 1972; Knenta, 1971; Plndyck and Kublnfeld, 1976). 
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Rank condition 
The structural equations of the model (6.7), 
BYt + rxt = Ut 
have a reduced form 
\ = nXj. + (6.22) 
where 
(6.23) 
(6.24) 
From (6.23), it can be seen that 
Bn = - r (6.25) 
This is the relation used in determining identification of each equa­
tion. Consider the first equation of the system (6.7): 
n = -B~^ r 
't • "t 
^^ 11^ 12*•• ^ lKg° 
'It 
2t 
yet 
[Yll^ lZ''' ^ lKg° ••• 
It 
2t 
K^t 
( 6 . 2 6 )  
= U, 
This equation contains Gg of the G endogenous variables in the 
system and Kg of the K predetermined variables in the system. Note 
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that here the order of variables has been changed, so that any zeros 
come at the end of the row vectors of parameters. 
In considering the first row of B and F, corresponding to the 
first equation of the structural form, (6.25) can be written as 
TT. IT, 
[B11P12 ... 0 ... 0] 
"2 
IT TT 
3 4 GxK 
- [Y11Y12''' "^ iKg* 0'''0] (6.27) 
where ÏÏ^ , are submatrices of ir corresponding to the vari­
ables included in and excluded from the first equation. The submatrix 
TT^ , for example, is a GgX(K-K^ ) matrix. Performing the matrix multi­
plications leads to the following set of equations. 
[G11812 ••• I^Gg^  ' *1 = - [Yii y 12 I^Kg^  (^ g equations) (6.28) 
^^ 11^ 12 " ^Gg^  ' *2 ^  0 (K-Kg equations) (6.29) 
where Equation 6.28 is a system of equations in Gg unknowns 
and Equation 6.29 is a system of (K-Kg) homogenous equations in Gg 
unknowns. Since the latter system consists of homogenous equations, it 
will have a nontrivial solution if the rank of the coefficient matrix 
V2 is less than Gg, The system will have a unique solution up to a 
factor of proportionality if 
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rank (112) " Gg - 1 (6.30) 
This is a necessary and sufficient condition for the parameters of a 
structural equation to be identified and is called the rank condition 
of identifiability. 
Since unknown in practice, the rank condition may not be 
easily applied empirically.^  An offshoot of this criteria called the 
order condition is operational (Fuller, 1980). 
Order condition 
The most useful rule for establishing identification is called the 
order condition (Pindyck & Rubinfeld, 1976). In order to check 
the order condition, the number of endogenous and exogenous variables 
that are included in each equation are counted to determine if the 
total number of variables excluded from the particular equation is 
greater than, equal to, or less than the total number of endogenous 
variables in the system less one. That is 
(G - Gg) + (K - Kg)|- G - 1 (6.31) 
or 
iRank conditions are not directly applied because checking the 
rank of W2 is complicated and as can be seen later, the equations 
obtained did not find any indication of nonidentiflability problems. 
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where 
K is the total number of the predetermined (exogenous and lagged 
endogenous) variables In the system. 
6 is the total number of the endogenous variables In the system 
(number of equations In the model). 
Kg is the number of predetermined variables Included in the g^  ^
equation. 
Gg is the number of endogenous variables Included In the g^  ^
equation. 
The condition for identification are 
1. If K-Kg > Gg - 1, the equation is said to be overlden-
tifled. 
2. If K-Kg a Gg - 1, the equation Is said to be exactly 
identified. 
3. If K-Kg < Gg - 1, the equation is said to be under-
identified. 
Combining 1. and 2., it can be seen that identification requires 
K - Kg > Gg - 1 (6.32) 
The necessary order condition for an equation to be identified is that 
the number of predetermined variables excluded from the equation must 
be at least as great as the number of Included endogenous variables 
less one. 
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Based on the Identification condition (6.32), it has been found 
that each equation in the Integrated corn-soybean model outlined in 
Chapter V is overidentlfled. This is consistent with statistical 
theory, which usually assumes that aggregate models are in fact over-
identified.1 Under such justification, each equation from a system 
of equations contains enough information to be Identified, and its 
structural parameters can be estimated by using 2SLS, 3SLS or 
Â3SLS. 
Simulation Procedure 
Gauss-Seidel algorithm 
The method of simulation depends upon the form of the structural 
model. If the structural equations are linear in both parameters and 
variables, reduced form simulation can be used. However, if the struc­
tural equations are nonlinear in either the variables, parameters, or 
both, solutions are obtained by means of the Gauss-Seidel algorithm, as 
documented in Helen, Mathew and Ubmack (1973). Consider the simple 
two-equation nonlinear system, 
A^s noted by Judge, Griffiths and Carter (1980, p. 372), "... 
if we actually try to model the underlying data generation process, not 
all structural equations are of the Just identified form. Consequent­
ly, specifying models that we believe are consistent with the way in 
which the economic data were generated leads in many cases to structur­
al equations that are overidentlfled." 
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Ylt - fi» (Y2t Ylt_, 
?2t-s' t^-8' 
- f2<^ t t^-8' t-8' ^ t' (6.33) 
t^-8' t^-s' V 
where s - 1, 2, ... g < N the sample size. 
- a set of parameters associated with model. 
The Gauss-Seldel method Is an Iterative technique which does not 
require derivatives, matrix Inversion, eigenvalue computation, or any 
other sophisticated numerical method. The Iterative scheme Is as 
follows: First, assign starting values to Yl^  and Y2^ , say and 
¥2^ *"^  where t • 0. In practice. If the historical values of these 
variables were known at the starting time, t = 0, these historical 
values would be used. Otherwise, the best Informed guess Is used. 
Evaluating (6.33) gives the solution for the first Iteration at 
time t " 0: 
0» •••» 0^-8' ^ 0' ***' *^ 0-8' *l) 
(6.34) 
Then, Yl^ ^^  can be used to solve Y2Q^^  by 
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Ï2<li .... Y2q_,. (6.35) 
YIq, ..., X1Q_^ , XKQ 0^-8' *2^  
In general, after r Iterations the solution at time t«0 is 
(r) _ , ,„o(r-l) 
Y1 0 "V.' (S-36) 
.... x1q_j. XKQ *^ o-s' "i' 
Ï2<,'> Yl^ ,. Y2o_,. (6.37) 
0^' •••' *^ 0-s' ^ 0' ^0' *^ 0-8' 
The process within each time period stops at convergence, I.e., a 
solution Is reached when the following criteria are satisfied: 
^ < e 
Yl(fl) (6.38) 
t 
,Y2(r)  -  Y2(r-1) ,  ^  ,  
where e Is an arbitrarily small positive number. For the model, e = 
0.0001 was the criterion of convergence. 
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When this criterion Is passed for all endogenous variables In the 
system, the Gauss-Seldel Algorithm moves on to apply the same technique 
to the next time period, using the estimated endogenous variables of 
the previous solution as new lagged dependent variables (Yg^ ) in the 
solution of the next period, and so on. 
Based on this procedure, two simulation methods have been proposed 
for validating a model consisting of a simultaneous system of equa­
tions. The first method is static simulation. In which all exogenous 
and lagged endogenous variables are set at actual values. In this 
case, in Equations 6.36 and 6.37, Yl_ , Y2^  , and XK. are fixed for 
O-s 0-8 0-s 
each time period. The second method is dynamic simulation, in which 
the lagged endogenous variables are assigned their historical values 
only in the initial year for which the model is solved. In all succes­
sive years, previous year solution values are used for lagged endoge­
nous variables. Thus, the model feeds off itself to generate estimates 
over the validation period. In this case, in Equations 6.36 and 6.37, 
Yl^ g and will take predicted values from the previous period's 
simulation, except when t - 0. 
Validation statistics 
To analyze how well the model simulates actual market behavior, 
the following validation-statistics are used. These validation-statis­
tics provide a measure of simulation performance and include 
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Root Mean Square Error 
RMSE - Yi ^ (P-A)^  
where P = the predicted simulated value 
A = the actual value 
N = the number of sample points 
Root Mean Square Percentage Error 
RMSPE - V I ^  [(^ ) * 100]^ "" 
Relative Change Mean Square Error 
- 2 1 P—P 
RCMSE - i Z (—) 
A-Â 
where A = mean of A 
P = mean of P 
Theil's Inequality Coefficient 
J I E (P-A)2 
Theil U - W Y = 
i : A 
Proportions of Inequity 
Theil decomposed the mean square error (Theil, 1965, p. 33) as 
MSE -  ^Z (P-A)^  
= (P-A)^  + (Sp - yS^ )^  + (l-Y)S^  (6.39) 
These three components can also be converted to proportional terms 
_ (p^ 2 (»p -
MSE MSE MSB 
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- UB + UR + UD (6.40) 
where UB » bias proportion 
UR " regression error proportion 
UD - disturbance (or random error) proportion 
Sp, Sa =• standard deviation of P and A 
Y = the coefficient of correlation between P and A 
The Ideal distribution of Inequality over the three sources Is UB ° UR 
= 0 and UD = 1. In this case, the forecast has no bias, no systematic 
error, and the forecast error Is reduced to the random disturbance 
component only. 
If the regression of actual (A) on predicted (P) values Is consid­
ered 
A^ = a + b P^ + U^  (6.41) 
Then (6.39) becomes 
MSB = (P - Â)^  + (b-l)2 Sp + Su (6.42) 
The proportional term Is: 
= UB + UR + UD 
where 
2 1 - 2 
S - ^  E (Pf - P) 
P  ^
2 2 
S  = 1  E U »  
" N "= 
In Equation 6.43 UB = 0 if a = 0, 
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UR « 0 if b <• 1. 
The forecast will be both unbiased and efficient if a = 0 and b = 
1 simultaneously, i.e., 
2 2 
E(A) = E(P) and is minimum (or MSB » S^ ) 
À test can be constructed to detect significant biases in the forecast­
ing ability of the model. This test is 
Hg: 3 = Bq versus B * 0q 
where 
0 - (y) and Bq - (°) 
The test statistic has an F distribution under the null hypothesis and 
is constructed as 
^  ( B - B q )  p . p C B - B p )  
(6.44) 
= (a-0 b-1) ^ £P EpZ) ^ b-lVz 
Z (A-Â)/N-l 
with 2, N-1 degree of freedom. 
Mathematical Derivation of 
the Multipliers 
The reduced form coefficients derived from the structural model 
are called multipliers and indicate the effect of a change in any 
exogenous variable on the endogenous variable after consideration of 
feedback of the effect of the exogenous variable on all other endoge­
nous variables (Goldberger, 1959, p. 369). Three kinds of multipliers 
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can be estimated In a dynamic model: impact. Interim and equilibrium. 
The Impact multipliers show the effect of changes In the exogenous 
variables during the current period. I.e., the Immediate effect. The 
Interim multipliers refer to the effect on endogenous variables for 
specific periods following the change. The equilibrium multiplier is 
the cumulative effect through time. The method for deriving the multi­
pliers is outlined as follows. 
The structural form of the model presented in Equation 6.7 with 
identities can be rewritten as 
- CY^  , + rx^  (6.45) 
t t—1 t 
after nonlinear equations have been converted to linear approximations 
by Taylor's series expansion around mean values. 
Where Y^  * G x 1 vector of current endogenous variables 
Y^  ^  • G X 1 vector of endogenous variables lagged one period 
• K x 1 vector of exogenous variables 
B and C = G x G matrix of regression coefficients, and 
r > G X K matrix of regression coefficients 
The reduced form of (6.45) is 
Tt - B-1 C + B-4 X, (6.46) 
• "l Vl ^  °2 \ 
where = B~1 C and D2 = B~lr 
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The impact multiplier measures the effect of a change in the current 
values of exogenous variables. 
aY 
 ^ (6.47) 
Long-run multipliers may be found by solving the reduced form to obtain 
the final form, i.e., by successive substitution of lagged values in 
(6.46). 
The final form is 
00 
\ °2 "t-j (*'4») 
which may then be used to obtain both interim and long-run multipliers. 
Interim multipliers show the effect of a t-j period change in X on 
value of Y in period t: 
"j -  ^°a 
The interim multipliers are the building blocks used for describing the 
dynamic behavior of Y. Given a period 0 change in X that is sustained 
in subsequent periods, the change in Y between period K and period 0 
is obtained by summation of the interim multipliers. This change in Y 
between period K and 0 per unit change in X is also called a cumulative 
multiplier 
K K j 
AY - Z M - E D D (6.50) 
' j-0 J j=l  ^
If only the long-run equilibrium multipliers are of interest, they may 
be obtained by setting = Y^  since in the long-run equilibrium. 
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there are no changes In the endogenous variables. In long-run equili­
brium, Equation 6.46 thus may be written as 
Yt - Y; + \ 
Solving Yj. gives 
Y* - (I - Dg (6.51) 
so that the long-run equilibrium multiplier is given by 
Ir • "2 (S-52) 
In the following two chapters, the model proposed in Chapter V 
will be estimated using techniques discussed in this chapter. The 
resulting estimated model will be validated using the Gauss-Seidel 
simulation algorithm. The validation of this model will be examined 
and tested using the measures of simulation accuracy. Finally, the 
multipliers for this model will be examined for policy implications. 
197 
CHAPTER VII. EMPIRICAL RESULTS AND EVALUATION 
This chapter reports the estimation results for the com and 
soybean model with the econometric structure described in Chapter V. 
The model was first estimated by ordinary least squares (OLS), autore-
gresslve least squares (ALS) or ALS with lagged dependent variables 
(ALSL), as appropriate to determine which of the variables should be 
Included in each equation, and to detect the problem of autocorrelation 
in the residuals of each equation. Then, the model was reestlmated by 
autoregressive three-stage least squares, A3SLS, and structural elas­
ticities were calculated. The discussion of policy implications of the 
structural elasticities was mainly based on A3SLS results since A3SLS 
provides asymptotically unbiased, consistent and relatively efficient 
parameters. Finally, the main estimated structural elasticities were 
compared with the results from previous studies. 
Estimation Processes and Estimated Model 
The structural model outlined in Chapter V was estimated using 
data for the crop years 1961/62 to 1980/81. This period was selected 
because of the availability of data. The econometric techniques pre­
sented in Chapter VI were used to estimate the parameters of the model. 
OLS, ALS and ALSL results were used to determine tentatively the final 
form of the individual equations. The criteria for estimation with 
OLS, ALS and ALSL are presented below. 
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In the structural model in Chapter V, each of the equations which 
has a lagged dependent variable was first estimated with ALSL. In 
Equation 5.1, 5.2, 5.16, and 5.17, the estimated autoregressive param­
eters were found to be nonsignificant, so it was assumed that no auto­
correlation existed. Those equations without a lagged dependent vari­
able were estimated with ALS if the Durbin-Watson statistic (DW) from 
OLS indicated significant autocorrelation. The EW tests of Equations 
5.6; 5.8, 5.10, 5.12 and 5.19 fell in the inconclusive region, so, ALS 
was used as a further test. Since the estimated autoregressive param­
eters were significant in Equation 5.6, 5.10, 5.12, and 5.19, the error 
terms were assumed to be autocorrelated in these equations. These 
equations were adjusted for autoregresslon when simultaneous equations 
system estimation was considered. 
It is well-known that the OLS, ALS or ALSL estimators are incon­
sistent estimators for the simultaneous equations models. For the 
equations in this model, the absolute values of the correlations of 
errors across equations range from 0.009 to 0.71. As indicated in 
Chapter VI, 3SLS provides an asymptotically efficient estimator for 
simultaneous equations system. However, 3SLS is not a consistent esti­
mator when error terms display autocorrelation. Therefore. A3SLS is 
adopted and the results are presented in the Table 7.1. The system of 
equations is reduced to 19 behavioral equations. The variable names in 
this table were defined in Chapter V. Statistics accompanying each 
equation are the MSE for the system and t-statistics. Next to each t-
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Table 7.1. Estimated A3SLS statistics for the model 
I. Supply Block 
A. Acreage planted 
Com 
r*NFP SYFP 
CORSAj. - 52.08 + 19.40 - 5.76 0.25 CORSA^ _j^  
(3.26)* (1.19)*** (-1.23)*** (1.85)*** 
[0.12]G* [-0.081® 
yb T 
[0.16] [-0.11] 
-41.80 (^ )^t + 0.41T (7.1) 
(-3.16)* (2.58)* 
[-0.068]® 
[-0.091]^  
Soybeans 
SOYSAj.- 10.91 + 30.78 64.96 (^ )^^  + 0.45 SOYSA^ _j^  
(1.43)***(3.26)* (-3.89)* (2.97)* 
[0.641® [-0.611® 
[1.18]^  [-1.11]^  
+ 2.10 (g), - 11.63 (g), + 0.90T (7.2) 
(0.90) (-0.39) (2.85)* 
[0.11]® [-0.0291® 
[0.20]^  [-0.053]^  
®S Indicates short-run. 
Indicates long-run. 
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Table 7.1. Continued 
B. Crop survival from planting to harvest 
Corn 
HAPAC^  » 0.41 + 0.024 TAPP^  . - 0.00031 TAPP? , 
t t-1 t-1 
(5.04)*(5.64)* (-5.84)* 
[0.961 [-0.52] 
+ 0.0012T 
(2.75)* (7.3) 
Soybeans 
HAPAS^  - 0.96 + 0.00046 TAPP^  , - 0.0000062 TAPpf , 
t t-1 t-1 
(18.75)*(0.17) (-0.18) 
+ 0.00072T (7.4) 
(4.99)* 
C. Crop yield per harvested acre 
Corn 
YPHC = -194.85 - 0.26 ACRVC + 13.94 TAPP , 
t t t-1 
(-5.32)*(-2.28)*** (7.02)* 
[-0.22] [6.42] 
- 0.19 TAPPJ, + 1.97T - 11.17 D70 (7.5) 
(-7.12)* (8.71)* (-8.40)** 
c 1. [-3.34] 
Soybeans 
YPHSj. » -36.15 - 0.15 ASYVC^ . + 3.16 TAPP^ .i 
(-3.66)*(-1.97)*** (6.16)* 
[-0.017] [4.48] 
- 0.042 TAPP^ _^  + 0.37T p - -0.78 (7.6) 
(-6.32)* (2.85)* (-3.65)* 
[-2.27] 
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Table 7.1. Continued 
II. Domestic demand block 
A. Major demands 
Feed demand - corn 
- "-«2 - 1-33 <^ >t -
(10.71)*(-1.97)*** (-5.23)* 
[-0.21] [-0.181 
- 0-24 - 33.40 + 7.63 D734 (7.7) 
(-3.44)* (-4.44)* (8.54)* 
[-0.25] [-0.63] 
Crushing demand - soybeans 
SOYSC^  - 1183.08 - 51.72 (^ 0^ ),. - 5.78 
(7.51)*(-3.58)* (-1.87)*** 
[-0.24] [-0.28] 
+ 126.51 (^ )t + 28.41 DPI72 - 13.98 (^ §^ )^^  
(21.22)* (2.32)* (-3.02)* 
[0.52] [0.17] [-0.10] 
- 65.04 (^ f^§^ )t - 65.00 (7.8) 
(-4.66)* (-4.54)* 
[-0.11] [-0.065] 
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Table 7.1. Continued 
B. Minor demands 
Food demand - corn 
- 0-49 - 0.46 + 0.25 
(0.35)*(-3.62)* (3.65)* 
1-0.29] [-0.19] 
+ 0.00099 PPI72 (7.9) 
(3.84)* 
[0 .22]  
Seed demand - corn 
CORDS^  - -6.90 + 0.28 CORSA^  + 0.19T $ - 0.77 (7.10) 
(-2.92)* (10.73)* (2.56)* (4.88)* 
[1.21] 
Seed demand - soybeans 
SOYDS^  - 11.18 + 0.84 SOYSA^  + 0.020T (7.11) 
(6.10)*(13.33)* (0.13) 
[0.78] 
III. Export demand block 
A. To Japan 
Corn 
CORJA^  = -89.94 + 27.54 (CCORPF^ +^ OFRJ^  ^+ 0.019 JANP^ . 
(-1.25)***(1.07)*** (3.09)* 
[1.09] 
+ 0.30 JANI^  -1.42 JMFO^  p - 0.61 (7.12) 
(3.81)* (-5.31)* (3.30)* 
[0.46] [-0.19] 
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Table 7.1. Continued 
Soybeans 
SOYJA^  - -21.54 - 2.91 (SgYPM_+_OFRJ^  ^+ 0.011 JANP^  
(-3.40)* (-2.28)** (16.67)* 
[-0.12] [1.26] 
+ 0.052 JANI^  - 0.028 SBBZP^  (7.13) 
(3.96)* (1.92)*** 
[0.16] [-0.054] 
B. To EEC9 
Corn 
COREC^  - -527.41 - 10.75 CORPA^  + 0.080 ECNP^  + 2.96 ECNI^  
(-1.34) (-4.78)* (3.50)* (6.74)* 
[-3.23] [3.02] [0.29] 
-0.045 CNSPHE9^  (7.14) 
(-5.77)* 
[-0.28] 
Soybeans 
SOYEC^  - 135.44 - 24.04 (SOYPM^ +^ OFRE^  ^+ 0.0053 ECNP^  
(0.42) (-3.30)* (0.41) 
[-0.48] 
+ 1.43 ECNI^  (7.15) 
(4.45)* 
[0.12] 
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Table 7.1 (continued) 
IV. Inventory determination block 
A. Demand for storage 
Corn 
CFST^  - 89.18 - 17.79 + 0.59 CFSTj._^  + 0.073 YC^  
(0.79) (-0.19) (3.27)* (1.78)*** 
[0.25] 
(7.16) 
+ 0.018 PHC^  - 0.095 CCNL^  
(0.79) (-2.37)* 
[-0.15] 
Soybeans 
SFSTj. - -24.52 + 12.20 + 0.77 SFSTj._^  
(0.78) (0.74) (5.55)* 
+ 0.28 YS^  -0.22 PHS^  - 0.16 SOQ^  (7.17) 
(9.09)* (-4.93)* (-2.90)* 
[3.08] [-2.52] [-0.059] 
B. Supply of storage 
Corn 
CORHC^  = -8422.23 + 2933.97 (|ff^ ),. - 834.82 (|||^ )t 
(-4.92)* (2.53)* (-2.02)** 
[0.51] [-1.23] 
+ 0.0019 STO^  + 176.73 T (7.18) 
(5.37)* (3.84)* 
[5.54] 
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Table 7.1 (continued) 
Soybeans 
SOYHC^  - 359.71 + 551.64 - 604.09 
(1.01) (8.19)* (-7.30)* 
[1.45] [-0.58] 
+ 0.000061 STO^  + 19.98 T $ » -1.08 (7.19) 
(1.30)*** (3.21)* (-5.34)*^  
[2.74] (-0.42)4 
System MSB « 6.86 
t^ - test for autoregresslve parameter, p - 0. 
"^ t - test for autoregresslve parameter, p • -1. 
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value Is a symbol denoting the level of significance. * denotes 1%, ** 
denotes 5% and *** denotes 10%. Elasticities^  of major variables are 
indicated in brackets below the t-values. For equations adjusted for 
autocorrelation, the estimated autoregressive parameters , are also 
presented. 
The advantage of A3SLS is that it simultaneously estimates the 
parameters and nonzero autocorrelation coefficients of all equations. 
This estimator is an asymptotically consistent and relatively efficient 
estimator for the simultaneous equation with autocorrelated errors. 
It should be noted that the model contains many more exogenous 
variables than the number of observations. This makes the first stage 
estimation of the reduced form coefficients on all of the exogenous 
variables impossible. The principal component technique is used joint­
ly with Â3SLS. Ten principal component estimators are calculated from 
all predetermined variables and are then used as instrumental variables 
in the first stage of estimation. 
Discussion of the Empirical Results 
The following discussion focuses on the A3SLS results as presented 
in Table 7.1. 
E^lasticities are computed at the mean. This is because elas­
ticities evaluated at the mean are less influenced by data values in a 
particular year of the sample period. 
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The results In general 
As shown in Table 7.1, most of the estimated coefficients are 
significant between the 0.01 and 0.05 significance levels. The signs 
of the coefficients are consistent with theoretical expectations with 
the exception of (CCORPF + 0FRJ)/SDR in Equation 7.12, PRC in Equation 
7.16 and SYBS/CPI in Equation 7.17. However, the coefficients asso­
ciated with these variables are nonsignificant. The variables, 
BESUT/CESUT and CNDR/PRE in equation 7.2, TAPP and TAPP2 in Equation 
7.4, ECNP in Equation 7.15 and CNBS/CPI in Equation 7.16 have estimated 
coefficients that are not significant, though the signs are correct. 
These nonsignificant variables are retained in those equations since 
they added increased accuracy to the simulation results. One should be 
aware that the t statistics reported in Table 7.1 are only asymptoti­
cally correct for A3SLS estimation. 
The estimated autoregressive parameter in Equation 7.19 is -1.08. 
These autoregressive results are used in this equation not only because 
the autoregressive parameter is not statistically different from -1 but 
also because of the increased forecasting power of the estimated 
model. 
Economic evaluation 
The economic implications of the equations in each block are dis­
cussed below: 
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I. Supply block 
A. Corn and soybean acreage planted (Equation 7.1 and 7.2) 
The results of Equation 7.1 Indicate that futures prices may af­
fect farmers' planting and marketing decisions by affecting price ex­
pectations. The positive sign on com futures price (CNFP) and the 
negative sign on soybean futures price (SYFP) In the corn acreage func­
tion imply that com farmers will produce more com if they expect a 
high corn price and low soybean price at harvest time. The direct- and 
cross-price elasticities in the short run are 0.12, -0.08, respective­
ly, and are 0.16, -0.11 respectively in the long run. 
As shown in Equation 7.2, the coefficients of soybean and corn 
futures prices (SYFP, CNFP) have the expected signs and are signifi­
cant. This indicates that soybean farmers view soybean and corn fu­
tures prices for the post-harvest contracts as expected prices in mak­
ing decisions about soybean planting. Futures markets provide a price 
upon which farmers can base planting decision, since futures prices are 
available before planting begins. Unlike corn, the long-run soybean 
acreage was own and cross-price elastic (1.18, -1.11). The relatively 
large difference between short- and long-run supply elasticities is due 
to the slow speed of planting adjustment. 
The coefficients on lagged corn and soybean acreage planted have 
the expected positive signs and are significantly different from zero. 
The adjustment coefficients for com and soybean acreage planted are 
0.75 and 0.55 respectively. This indicates that the speed of adjust-
209 
ment was more rapid for corn than for soybeans during the last 20 
years. The main reasons for Incomplete adjustment may be the cost of 
switching acreage from one crop to another and constraints Imposed by 
crop rotation programs. 
The coefficient for the corn diversion payment (CNDR) is signifi­
cant for corn acreage planted but not significant for soybean acreage 
planted. This may be because the corn diversion program directly af­
fects corn acreage planted but indirectly affects soybean acreage 
planted. Also, land taken out of corn was not permitted to move to 
soybean production. The negative effect of CNDR on soybean acreage 
planted may indicate that the price of soybeans relative to corn be­
comes smaller after a decrease in corn supply due to diversion pro­
grams. Some soybean farmers may respond to an increase in the corn 
diversion rate by taking land out of soybean production, other things 
being constant. The short- and long-run elasticities of corn acreage 
planted with respect to CNDR are -0.068, and -0.091, respectively, 
while the short- and long-run elasticities of soybean acreage planted 
with respect to CNDR are -0.029 and -0.053, respectively. 
As expected, the ratio of the effective support price of soybeans 
to the effective support price of com (BESUT/CESUT) has a positive 
effect on soybean acreage planted. However, the coefficient is not 
significant. The reason for this may be that the effects of a soybean 
price support program are offset by the effect of the corn price sup­
port program. Another reason has been given by D. G. Johnson (1973, p. 
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34), who points out that since the features of the grain programs were 
changed on the basis of anticipated market conditions, It Is very dif­
ficult to separate the effects of government programs and market condi­
tions. Originally, BESUT/CESUT was one of the variables In the corn 
acreage planted In Equation 7.1, but It had the wrong sign and Its 
Inclusion Increased the error In the whole system. Hence, It has been 
omitted. The low t-value on these coefficients suggests that conclu­
sions In the above discussion about CNDR and BESUT/CESUT In the soybean 
acreage planted equation must be tentative. The strong trends (T) in 
both Equation 7.1 and 7.2 are evidence that corn and soybean acreage 
planted have been expanding due to technological changes over the study 
period. 
The important result Is that producers need not actually partic­
ipate as hedgers In futures market, but only that they consider futures 
prices as expected prices In making their planting decisions. 
B. Corn and soybean crop survival (Equation 7.3 and 7.4) 
Equations 7.3 and 7.4 suggest that weather conditions (TAPP), biologi­
cal conditions and other environmental factors captured in the trend 
variables (T) do affect corn and soybean crop survival. The variables 
have the expected signs. The negative effects of weather conditions 
(Indicated in TAPP^ ) show that if abnormal weather in the form of 
high temperature and/or lack of rainfall occurs, harvested acreage is 
reduced. The t-tests for the weather proxies, TAPP and TAPP^ , are 
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not significant in soybean crop survival because soybeans adapt better 
to climatic fluctuations, while com is very sensitive to adverse 
weather. 
C. Corn and soybean yields per harvested acre (Equation 7.5 and 
7.6) 
In equations 7.5 and 7.6, the coefficients on the variable cost of 
production inputs (ACRVC, ASYVC) are significant though their elastici­
ties are low, -0.22 and -0.017 respectively. The results indicate that 
weather measures (TAPP, TAPP2) are large sources of variation in corn 
and soybean yields. The elasticities of com yield per harvested acre 
with respect to TAPP and TAPP2 are 6.42 and -3.34, while the elasti­
cities of soybean yield per harvested acre with respect to TAPP and 
TAPP2 are 4.48 and -2.37. The trend variable (T) accounts for the 
annual yield-increasing effects of mechanical, biological and technical 
changes. The serious negative impact of the unusual 1970 corn blight 
was removed from the analysis by means of D70, a dummy variable. The 
estimated 11.17 bushel per acre yield reduction due to the blight is 
close to the 13.52 bushel per acre reduction estimated by Salathe, 
Price and Gadson (1982). 
In the corn and soybean supply block, the results strongly suggest 
that acreage planted, crop survival from planting to harvest and yield 
all respond to economic policies and environmental factors. When pro­
duction, which is a function of acreage planted, crop survival and 
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yield per harvested acres. Is added to the beginning stocks, we obtain 
the total supply of com and soybeans available for utilization during 
the coming year. 
II. Demand block 
A. Domestic demand 
a. Corn feed demand (Equation 7.7) 
In the corn feed demand Equation 7.7 in Table 7.1, the estimated 
effects of the specified variables have the expected signs and are 
statistically significant. The price elasticity of corn feed demand is 
-0.21. Since the ratio of corn price to price received for livestock 
and its products is used, it is assumed that the two prices have pro­
portionally equal, but opposite effects upon com feed demand. 
With the negative effect of soybean meal price (SOMPM) on corn 
feed use, soybean meal and com appear to be complements in livestock 
feeding. This result differs from previous findings by other research­
ers. Other high-protein supplements (HPFWM) and other feed grain 
(CNFWC) have a negative relationship with corn feed use. The elastici­
ties of corn feed demand with respect to HPFWM and CNFWC are -0.25 and 
—0.63. 
The results also indicate that a significant alteration of the 
structure of the feed Industry occurred during the "price freeze" years 
of 1973 and 1974, as represented by the coefficient on D734, a dummy 
variable. 
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b. Soybean crush demand (Equation 7.8) 
Changes in the price of soybeans cause changes in the opposite 
direction in the quantity of soybeans crushed. The price elasticity of 
soybean quantity crushed is -0.24. The price of livestock and its 
products (LIVP) significantly affects soybean demand. Because soybeans 
are usually processed to produce soymeal as livestock feed, favorable 
prices of livestock resulted in heavy feeding per animal unit. The 
elasticity on price of livestock and its product is 0.52. The elastic­
ity on other high-protein feeds (HPFWM) is about -0.28. An increase in 
quantities of cottonseed oil (COTTONI), palm oil (PALMOI) and lard oil 
(LARDOI) would reduce soyoil utilization and hence decrease soybean 
crushing demand. The elasticities of soybean crush demand with respect 
to COTTONI, PALMOI, and LARDOI are -0.10, -0.11 and -0.065 respective­
ly. These negative elasticities also indicate a competitive demand 
relationship between soyoil and other oil. 
Increasing per capita income affects soybean demand by directly 
increasing the amount of soybeans consumed as food in the form of soy­
oil and by indirectly increasing soybean utilization through livestock 
and livestock product demand. The income elasticity for soybean 
crushed is 0.17. This indicates that soybeans, like corn, are a normal 
good, but they are income inelastic. 
Attempts to include the per capita corn oil use (CORNOI) in Equa­
tion 7.8 were unsuccessful, resulting in a coefficient with a signifi­
cant t-statistic but erroneous sign. Therefore, it was dropped from 
the model. 
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c. Corn food demand (Equation 7.9) 
Corn food demand is considered to depend on the U.S. corn price, 
the price of Its competitive goods (wheat), and real per capita Income 
(Equation 7.9). The coefficient for each variable Is significant. The 
corn food demand Is price Inelastic (-0.29), so that If the price of 
com Increased, consumer expenditures on corn would rise. The cross-
price elasticity with respect to wheat (-0.19) is negative, indicating 
that com and wheat are substitutes in food uses. The income elastic­
ity of corn is positive, indicating that corn is a normal good, and is 
inelastic (0.22). 
d. Corn and soybean seed demands (Equation 7.10 and 7.11) 
As indicated in Equation 7.10 and 7.11, corn and soybean seed 
demands are significantly affected by the number of acres planted by 
farmers. The estimated elasticities of demand for com and soybean 
seed with respect to the acreage planted are 1.21 and 0.78, respective­
ly. The time trend (T), which captures changes in the seeding rate per 
acre, tests significantly in corn seed demand, but not in soybean de­
mand. This may be because the changes in irrigation and fertilization 
practices in com have been greater than those in soybeans during the 
past 20 years. 
B. Export demand 
a. Corn and soybean export to Japan (Equation 7.12 and 
7.13) 
All the coefficients on the variables in the soybean export to 
Japan equation (7.13) are of the expected sign and are significantly 
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different from zero. The price elasticity with respect to (SOYPM + 
OFEJ)/SDR is -0.12. This calculated price elasticity includes three 
effects, the soybean price in the U.S., the ocean freight rate (OFKJ) 
and the exchange rate (SDR). As indicated in Chapter III, in a free 
trade situation, the price for U.S. and importing countries, must be 
converted to a common currency (via SDR) and the transportation cost 
must be added. Hence, the price elasticity of U.S. com exported to 
Japan as computed here is more accurate than in studies which do not 
take into account transportation costs and exchange rate effects. The 
results also indicate that soybean exports to Japan are more responsive 
to Japan animal population (JAN?) than to Japan nation income (JANl). 
The elasticities are 1.26 and 0.16, respectively. This is to be ex­
pected since the main use of soybeans Imported by Japan is for produc­
ing commercial mixed feeds. 
Brazilian exports of soybeans reflect a tremendous growth in the 
production In that country. This study suggests that rising Brazilian 
production (SBBZP) would reduce U.S. soybean exports to Japan only 
slightly since the rate of substitution is 0.054. This is because the 
source of most Japanese soybean imports is the United States. 
The results indicate that JANP and JANl are good explanatory vari­
ables for U.S. corn exports to Japan. Their elasticities are 1.09 and 
0.46, respectively. The variable for the import price facing Japan, in 
equation 7.12 (CCORPF + OFRJ)/SDR was expected to have a negative sign. 
As can be seen, it was positive sign and nonsignificant. The reason 
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may be that corn marketing between Japan and the U.S. is accomplished 
via bilateral trade contracts. Since firms in Japan look to 
government-to-government contracts as a means of stabilizing foreign 
supplies of com (Sanderson, 1978), Japanese imports of com may be at 
other than free market prices. 
The negative effect of Japanese corn imports from other countries 
(JMFO) on U.S. com exports to Japan suggests that increased supplies 
in competing exporting countries would decrease Japanese purchases of 
U.S. corn, as expected. 
b. Corn and soybean exports to EEC9 (Equation 7.14 and 7.15) 
The results of export demand for U.S. corn and soybeans by the 
EEC9 are Indicated in Equation 7.14 and 7.15. Both equations have the 
expected signs for all variables. In the EEC9, com is subject to a 
variable levy policy. A threshold price for corn is viewed as a price 
for corn for feed uses. The results strongly suggest that the EEC9 
threshold price (CORPÂ) directly affects U.S. corn exports to EEC9 
countries. The corn export elasticity with respect to CORFA is -3.23 
and may be considered as the direct-price elasticity. It is likely 
that the common agricultural policy (CAP) in the EEC9 is the dominant 
factor affecting U.S. corn exports to the EEC. The EEC9 animal popula­
tion (ECNP) and national incomes (ECNI) also affect U.S. corn exports 
in significant ways. Their elasticities are 3.02 and 0.29, respective­
ly. The effect of EEC9 com supplies consisting of beginning stocks 
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and production (CNSPHE9), on U.S. corn exports to the EEC9 is negative 
and relatively small (-0.28). 
The U.S.-EEC soybean trade Is untrammeled so that U.S. soybean 
exports to the EEC are directly affected by the free market price 
(SOYPM + OFRE)/SDR. The price elasticity Is -0.48 as reported In Equa­
tion 7.15. Both the EEC9 animal population (ECNP) and national Income 
(ECNl) have positive effects on U.S. soybean exports to the EEC9. 
However, the coefficient is significant for ECNI but nonsignificant for 
ECNP. The reason may be that the major determinant of rapidly increas­
ing demands for most oil or meals appeared to be the increasing popula­
tion and per capita income in the EEC9 regions (see Chapter II). Soy­
bean production in Brazil (SBBZP) has been omitted in Equation 7.15 
because of wrong sign. 
III. Storage block 
A. Corn and soybean demand-for-storage (Equation 7.161and 7.17) 
The coefficient on the price of corn storage, i.e.. the futures 
and cash price differential (CNBS) in the corn storage demand equation 
(7.16), has the expected negative sign but a small t-value. The price 
of storage of soybeans (SYBS) in the soybean storage demand equation 
(7.17) has the wrong sign but a small t-value. This nonslgnlficance 
suggests that the demands for both com and soybean storage on a highly 
inelastic response to the price of storage. It may be that the rela­
tionship between storage demand and the price of storage is clouded by 
the aggregation of individual commercial storage decisions, or that the 
perceived cost of storing corn or soybeans is complicated by other 
factors not Included in the model. 
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The coefficients for the lagged stock levels (CPST^  SPST^ _^ ) 
are positive and highly significant. This indicates that current 
stocks of corn and soybeans are affected by previous stock levels. 
Adjustment is slow as evidenced by the corn stock adjustment coeffi­
cient of 0.41, while the soybean coefficient is 0.23. This may 
also partially explain why com and soybean storage demand is only 
sightly influenced by the price of storage. 
The demand for corn or soybean storage is affected by current 
production of corn or soybeans (YC, YS) and the elasticities are 0.25 
and 3.08, respectively. The USDA corn or soybean production forecasts 
(PHC, PHS) are proxies for the next year's corn or soybean production. 
PHC nonslgniflcantly affects corn storage demand but PHS significantly 
affects soybean storage demand, suggesting that soybean stock holding 
is affected more by speculative motives than is com stock holding. 
Results also indicate that government stocks for both corn (CCNL) and 
soybeans (SOQ) displace private stocks. The coefficient of -0.095 on 
CCNL means that an Increase in government stocks of corn (CGC and FOR) 
of one bushel reduces private stocks about 0.10 bushels and thus in­
creases total stocks by about 0.90. The coefficient of -0.16 on SOQ 
suggests that a 1 bushel increase in soybean government stocks reduces 
private soybean stocks approximately 0.16 bushel, and thus increases 
total carryover by 0.84 bushels. These results suggest that government 
stockholding, measured by CCC and/or FOR stocks, has created buffer 
stocks and contributed significantly to price stability. 
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B. Corn and soybean supply-of-storage (Equation 7.18 and 7.19) 
On the supply side, the cash-futures price differential reflects 
the return to storage. Both the corn and the soybean bases (CNBS, 
SYBS) are significant in the corn and the soybean storage supply 
equations (7.18 and 7.19). The positive (negative) sign of CNBS and 
the negative (positive) signs of SYBS in Equation 7.18 (Equation 7.19) 
suggest that the greater the return to storage of corn (soybeans), the 
larger the amount of com (soybeans) stored and the smaller the amount 
of soybeans (corn) stored. The direct and cross price elasticities of 
com storage supply are estimated as 0.51 and -1.23, respectively, 
while the direct and cross elasticities of soybean storage supply are 
1.45 and -0.58, respectively. These results indicate that corn and 
soybeans compete for storage facility use. 
Storage capacity (STO) is statistically significant on the corn 
and soybean storage supply equations. Both corn and soybean storage 
supplies increase as storage capacity expands since they have positive 
signs on STO. The trends (T) which capture technological changes are 
significant in both equations (7.18 and 7.19). This suggests that 
reducing the cost of storage due to technological change will increase 
the supply of storage for both corn and soybeans. 
One of the important results in this block is that the corn and 
soybean storage decision is guided by futures and cash price relation­
ships. This is different from most of the previous annual crop models 
where storage is affected by cash price only. Storage is an intertem-
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poral decision and futures markets reflect the time dimension to the 
pricing process. Hence, using futures and cash price relationships as 
an Inventory guide is more accurate than using cash prices only. 
From a policy perspective, when government uses stocks to stabilize 
corn and soybean prices or producer's incomes, it may also be necessary 
to consider the cash and futures price difference since this difference 
influences private stockholding behavior. 
Comparison of Elasticities with Results from 
Previous Studies 
For comparison purposes, the elasticities of the supply, demand 
and storage components for com and soybeans are summarized in Tables 
7.2 through 7.8. In these tables, the main structural elasticities are 
compared with those from related studies from the 1960s and 1970s. 
The futures prices of corn and soybeans are used to estimate corn 
acreage response in this study. The estimated corn acreage elasticity 
in the short run, 0.12 is close to the Houck and Ryan, Womack and 
Gallagher estimates, which are in the range of 0.12-0.178 (Table 7.2), 
but less than the Wlttaker and Bancroft estimates of 0.22 to 0.26. 
This may be because of the pooled time-series and cross-sectional data 
and double logarithm functional form that Wlttaker and Bancroft used. 
However, all of these studies indicate that the corn acreage response 
is inelastic in the short-run. The long-run price elasticity of corn 
acreage planted, 0.16, is close to the Gallagher estimate, of 0.183. 
The cross price elasticities of corn acreage in the short run and long 
Ihble 7.2 âlce elasticities of com acreage response In previous 
studies 
Klaatlcltles Com 
Tine (fettod of Com Price Soybean Price Adjustnent Dlveislon 
Stucfy %riod Bstimatioa SR IR SR I£ Coeffldent Rynent 
a 
Houck & 
(1972) 194&-70 OIS 0.12 "0.17 — 
Wdmack . 
(1976) 1948-72 ŒS 0.13 — — — — -0.090 
a GaUa^ ier 
(1978) 1954-77 OIS 0.159 " — -0.080 — — -0.091 
Qallfl^  a c c 
(1978) 1954-77 OIS 0.178 0.183 -0.065 -0.067^  0.97 -0.087 
WLttaker & 
Bancroft 
(1979) 1963-73 OIS 0.22-0.26 -0.013 —0.068 — -0.050—0.096 
%e effective price of com. 
t^h respect to the ratio of com effective support price to com price. 
Obtained by uslqg SR elasticity divided by adjustment coefficlect. 
Table 7.3 Price elasticities of soybean acreage response in previous studies 
Elasticities 
Time Method of Soybean Price Corn Price Adjustment 
Study Period Estimation SR lA SR lA Coefficient 
Heady & 
Rao 
(1967) 1929-63 OLS 0.33 - 0.44& — 0.24^  0.59 
Subotnik & 
Houck 
(1969) 
1946-66 OLS 0.84 -0.65 — —  — 
Gardner 
(1976) 1950-74 OLS 0.6lb 1.36b — — —  — —  
Gardner 
(1976) 1950-74 OLS 0.5^  1.04b — — —  0.54 
Meyers & 
Hacklander 
(1979) 1955-77 OLS 0.41^  — — —  — —  0.29 
&Use soybean and corn price ratio last year. 
bUse futures prices. 
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Table 7.4. Elasticities of corn feed demand in previous studies 
Time Method of Elasticities 
Study Period Estimation Corn Price Soybean Price 
Womack 
(1976) 1948-72 OLS -0.42 0.06 
Womack 
(1976) 1948-72 2SLS -0.40 0.06 
Subotnik & 
Houck 
(1979) 1957-75 OLS -0.15--0.24* 
Meyers & 
Baumes 
(1980) 1950-75 OLS -0.32 0.20 
Chambers & 
Just 
(1981) 1969-77 3SLS -0.125a 
E^stimated by quarterly data. 
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Table 7.5. Elasticities of soybean meal and oil demand in previous 
studies 
Time Method of Elasticities 
Study Period Estimation tfeal Price Oil Price 
_____ 
Mann 
(1968) 1946-64 2SLS -0.33 -0.51 
Mathew, 
Womack 
& Hoffman 
(1971}  1948-68 OLS -0.48 -0.30 
Mathew 
(1973) 1954-70 OLS -0.68 -0.28 
Meyers & 
Hacklander 
(1979) 1955-77 OLS -0.20 -0.10 
Meyers & 
Baumes 
(1980) 1955-75 OLS -0.21 -0.080 
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Table 7.6. Elasticities of corn food demand in previous studies 
Time Method of Elasticities 
Study Period Estimation Corn Price Income 
Womack 
(1976) 1948-72 OLS -0.08 0.67 
Womack 
(1976) 1948-72 2SLS -0.08 0.67 
Subotnlk & 
Houck 
(1979) 1957-75 OLS -0. 020 --0.034» 
Meyers & 
Baumes 
(1980) 1948-75 OLS -0.101 0.403 
E^stimated by quarterly data. 
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Table 7.7. Elasticities of corn export demand in previous studies 
Study 
Time 
Period 
Method of 
Estimation 
Elasticities 
Corn Price 
Womack 
(1976) 1957-75 OLS -1.05 
Subotnik & 
Houck 
(1979) 1957-75 OLS -0.71 --2.00» 
Womack & 
Baumes 
(1979) 1962-75 OLS -0.15b 
Chambers & 
Just 
(1981) 1969-79 3SLS -0.465* 
Q^uarterly data. 
bExport elasticity with respect to corn and soybean price ratio. 
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Table 7.8. Elasticities of soybean export demand In previous 
studies 
Time Method of Elasticities 
Study Period Estimation Soybean Price 
Houck & 
Mann 
(1968) 1946-64 2SLS -0.32 
Houck, Ryan 
& Subotnlk 
(1972) 
Ryan & 
Houck 
(1976) 
Meyers & 
Hacklander 
(1979) 
Chambers & 
Just 
(1981) 
1947-66 2SLS -0.53 
1955-73 OLS -1.18^  
1955-78 OLS -1.50 
1969-79 3SLS -0.202* 
Q^uarterly data. 
E^xport elasticity with respect to corn and soybean price ratio. 
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run are somewhat different from Gallagher's because of the difference 
In the estimated adjustment coefficients. The elasticity of corn acre­
age with respect to the corn diversion payment, -0.068 in this study, 
falls in the range of -0.050 to -0.096 established in previous studies 
(Table 7.2). 
In previous studies of soybean acreage response (Table 7.3), Heady 
and Rao, and Meyers and Hacklander used the soybean and corn price 
ratios of the previous year. The estimated elasticities were 0.33-0.44 
and 0.47 respectively. However, Houck and Subotnik used separate vari­
ables representing the effective price of soybeans and corn to estimate 
elasticities. Their direct and cross price elasticities were 0.84 and 
-0.65. In this study, the short run direct price elasticity (0.64) is 
higher than that of Heady and Bao and of Meyers and Hacklander, but 
somewhat smaller than that of Houck and Subotnik. This difference may 
be because the estimated period is different and because the futures 
price Is used to test soybean acreage response. Gardner (1976) used 
soybean and corn futures prices with and without lagged acreage to test 
soybean acreage response. The short and long-run supply elasticities 
ranged from 0.56 to 0.61 and from 1.04 to 1.36. The short- and long-
run elasticities of soybean acreage with respect to the soybean futures 
price of 0.64 and 1.18 in this study are slightly different from Gard­
ner's. Gardner used the futures prices of January contracts for soy­
beans and December contracts for com for the last Friday of the pre­
ceding April and May. Here, the mid-month futures prices of the Novem­
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ber soybean and the December corn contracts for the preceding crop year 
were used. 
In Table 7.4, Womack, and Meyers and Baumes' estimate of corn feed 
demand elasticity, with respect to corn price. Is from -0.32 to -0.42. 
This Is less than the -0.21 estimated In this study. One reason for 
this difference lies In the period Included In the analysis. The U.S. 
demand for meal may have grown more Inelastic in recent years or corn 
supply may have Increased, which would also partly explain small elas­
ticity of feed demand. The corn feed demand elasticity with respect to 
the soybean meal price Is -0.18, Indicating that corn and soybean meal 
are complements. Previous studies Indicate that they are substitutes. 
The demand for soybeans Is derived from the demand for soymeal and 
soyoll. The elasticities of demand for soybean meal and oil have been 
estimated by several authors (Table 7.5). The elasticity estimates for 
oil have not been very consistent, ranging from -.08 to -0.51. The 
soybean meal elasticity estimates have been only a little more consis­
tent, ranging from -0.20 to -0.68. In this study, the price elasticity 
of soybean crushing demand Is -0.24 and Is very close to the soybean 
meal elasticity (-0.20, -0.21) estimated by Meyers and Hacklander 
(1979) and Meyers and Baumes (1980). 
As Indicated In Table 7.6, Womack, Subotnlk and Houck, and Meyers 
and Baumes estimated that price elasticities of com food demand ranged 
from -0.08 to -0.10 and Income elasticities ranged from -0.40 to 0.67. 
In this study, demand Is less price elastic (-0.29) than those esti­
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mated In previous studies. The Income elasticity (0.22) Is also small­
er. The main reason Is that previously used specifications of corn 
food demand functions do not Include the vAieat price to reflect a com­
petitive Influence. All studies Indicate that com Is a normal good 
with an Inelastic response to price and Income. 
As shown In Table 7.7 and 7.8, com and soybean export elastici­
ties vary from study to study. This Is because the quantity of U.S. 
com and soybeans exported Is subject to a great number of Institution­
al constraints. The elasticity of U.S. corn export demand was -1.05 In 
the Womack study in 1976. However, corn export demand elasticity was 
estimated about -0.15 in Womack and Baumes' article (1979). The dif­
ference arises because the later study Included an EEC policy variable 
which strongly affected U.S. corn export demand. By using quarterly 
data, the demand elasticity estimated by Chambers and Just was -0.46, 
which Indicated less elastic demand than that estimated by Subotnik and 
Houck. The reason may be that Chambers and Just included SDR as a 
separate regressor and 3SLS was used to estimate their model. In the 
earlier soybean export studies, the soybean export demand was found to 
be Inelastic (-0.32 to -0.53) by Houck and Mann, and by Ryan and 
Subnotlk but elastic (-1.18 to -1.50) by Ryan and Houck, and by Meyers 
and Hacklander. The elasticity of soybean export demand (-0.20) in the 
Chambers and Just study is even less than that of the above studies due 
to the quarterly data base and the use of SDR as a separate regressor. 
The elasticities of U.S. corn exports to Japan and soybean exports 
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to Japan and soybean exports to Japan and the EEC are smaller In this 
study. The reason may be that the elasticity of U.S. com or soybean 
exports to Japan or the EEC Is estimated but the elasticity of U.S. 
total corn or soybean export demand Is not estimated. Furthermore, as 
Indicated in Chapter III and V, the price used to estimate U.S. corn 
and soybean exported to Japan and EEC is the U.S. com or soybean price 
plus transportation costs and is deflated by the exchange rate (SDR). 
The comparison with other elasticities becomes tenuous since the price 
Includes the effects of transporation costs and SDR. Except for 
transportation cost, the Inelastic nature of export demand could be 
attributed, as argued by Chambers and Just (1981), to ". . . cross-
price demand and supply effects reflected through the exchange rate and 
differential response rate on the part of economic agent to exchange 
rate and price movement." 
The demand and supply elasticities of storage are not directly 
compared with other studies due to the lack of a basis for comparison. 
Unlike previous studies, the cash and futures price difference reflect­
ed in the price of storage is used in this study to Influence corn and 
soybean storage determination. However, some reasons which support the 
results occurring in this study should be mentioned. Demand for stor­
age of corn and soybeans is inelastic because demand for storage is 
based mainly on the anticipated market conditions (Weymar, 1966). 
Soybean storage supply elasticity Is larger than that of corn storage 
supply because government policies more directly influence the corn 
market than the soybean market. 
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In summary, differences In estimated elasticities can be attribu­
ted to the difference In model specification, data bases and 
econometric techniques. The elasticities may also have changed due to 
the structural changes occurring In the corn and soybean Industries. 
There Is no & priori reason to assume the elasticity to be constant 
over time. 
It Is Important to review the full Implications of the structural 
equations presented In Table 7.1. This will be done under the assump­
tion that the model Is well-specified. In the following chapter, model 
validation Is performed via simulation analysis and the major dynamic 
characteristics of the model are considered using multiplier analysis. 
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CHAPTER VIII. SIMULATION AND MULTIPLIER ANALYSIS 
Econometric model building and estimation are often undertaken 
for policy analysis purposes. In order to analyze alternative poli­
cies, the structural and behavioral relationships In the model should 
be theoretically acceptable, and the procedures used to estimate struc­
tural coefficients should be consistent with statistical theory. Addi­
tionally, the econometric model should accurately predict actual be­
havior. The simulation technique presented in the Chapter VI is suited 
for investigating the dynamic implications of the estimated model. The. 
predictive performance of this model over the sample period is examined 
in this chapter. Multipliers are also calculated to examine the ad­
justment of the sectors to external shocks. 
Simulation Analysis - Historical Validation 
The primary objective of simulation is to show that the underlying 
structure and assumptions of this model as a whole adequately explain 
the behavior of the markets. This can be done by historical simula­
tion^  via Gauss-Seidel algorithm. Validation requires the simulation 
process to reproduce the actual values of endogenous variables satis­
factorily during a historical period. 
Isince future events are unknown, researchers have proposed that 
model predictions for historical periods be used to examine a model's 
predictive ability. 
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Results of simulation 
In the validation run, the structural model presented in Table 7.1 
with Identities indicated in Chapter V is dynamically simulated over 
the 1961/62-1980/81 period. This period represents the longest period 
over which all structural equations are estimated. Both graphical and 
statistical techniques are used to analyze the solution of the valida­
tion simulations. The actual and simulated values of each endogenous 
variable are plotted against time in the graphical analysis. For the 
statistical analysis, the inequality coefficients and related valida­
tion-statistics are reported. 
As stated in Chapter I, the model was designed for long-term anal­
ysis and not for prediction of short-term changes. Therefore, when the 
model is validated, validation based on the overall period is more 
accurate than that for one point in time. 
Graphical analysis Figures 8.1 to 8.29 contain plots of actual 
and simulated values of all endogenous variables in the integrated corn 
and soybean model. The predicted values of the endogenous variables 
generated by the model follow the general trends of the actual observa­
tions reasonably well. The turning points of some variables in the 
actual data are not duplicated by the model estimation. However, in­
spection of the figures shows that most of the turning points are cap­
tured for most variables in most of the years. Graphs of the predicted 
values for most of the variables tend to be relatively smooth curves 
through the more erratic historical observations. 
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Figure 8.1. Simulated and actual values of corn acreage planted 
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Figure 8.2. Simulated and actual values of soybean acreage planted 
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Figure 8.3. Simulated and actual values of corn crop survival ratio 
(planted acreage to harvested acreage) 
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Figure 8.4. Simulated and actual values of soybean crop survival ratio 
(planted acreage to harvested acreage) 
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Figure 8.5. Simulated and actual values of corn yield per harvested 
acre 
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Figure 8.6. Simulated and actual values of soybean yield per harvested 
acre 
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Figure 8.7. Simulated and actual values of corn total production 
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Figure 8.8. Simulated and actual values of soybean total production 
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Figure 8.9. Simulated and actual values of corn demand for feed 
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Figure 8,10. Simulated and actual values of soybean demand for crush 
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Figure 8.11. Simulated and actual values of corn demand for food 
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Figure 8.12. Simulated and actual values of corn demand for seed 
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Figure 8.13. Simulated and actual values of soybean demand for seed 
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Figure 8.14. Simulated and actual values of corn export to Japan 
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Figure 8.15. Simulated and actual values of soybean export to Japan 
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Figure 8.16. Simulated and actual values of corn export to EEC 
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Figure 8.17. Simulated and actual values of soybean export to EEC 
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Figure 8.18. Simulated and actual values of corn demand for storage 
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Figure 8.19. Simulated and actual values of soybean demand for storage 
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Figure 8.20. Simulated and actual values of corn supply of storage 
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Figure 8.21. Simulated and actual values of soybean supply of storage 
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Figure 8.22. Simulated and actual values of corn wholesale price 
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Figure 8.23, Simulated and actual values of soybean wholesale price 
$/bu. 
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Figure 8.24. Simulated and actual values of corn price received by 
farmers 
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Figure 8.25. Simulated and actual values of soybean price received by 
farmers 
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Figure 8.26. Simulated and actual values of corn futures price 
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Figure 8.27. Simulated and actual values of soybean futures price 
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Figure 8.28. Simulated and actual values of corn basis (price of 
storage) 
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Figure 8.29. Simulated and actual values of soybean basis (price of 
storage) 
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Since corn and soybean markets are Influenced by a wide range of 
continuously changing forces, the simulated outputs may, at times, 
cycle above and/or below the actual values. This Is to be expected. 
Moreover, the waves created In a dynamic model by some "unpredictable 
shocks" can increase the errors of subsequent predictions. As noted by 
Klein (1980, p. 66) 
". . . if a model develops errors when solved simultaneously 
and/or dynamically, it is sometimes difficult to isolate the 
source of errors from full system simulations . . . the system may 
betray a tendency to follow the initial error by generating ever 
longer deviation in the same direction when initial conditions are 
not reset to historical values or it may develop ever larger 
fluctuation." 
In summary, the simulated time paths do seem to reproduce the 
general long-run behavior of the actual series and the major changes in 
the U.S. corn and soybean situation. Some short-run fluctuations in 
the actual series are not well-reproduced. The substantial prediction 
errors can be generally attributed to a poor simulation for some par­
ticular years (see Figure 8.1 through 8.29). 
Statistical analysis The results of the graphical evaluation 
Indicate that the simulated values of the 29 variables trace movements 
over the sample period quite closely. However, measures of the degree 
of concordance or spread of the generated and actual time paths are 
lacking. The validation-statistics discussed In Chapter VI meet this 
need. 
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The simulation results are summarized by root mean square error 
(BMSE), root mean square percentage error (BMSPE), relative change mean 
square error (RCMSE), Theil U and inequality proportions : Bias propor­
tion (UB), regression error proportion (UR) and disturbance proportion 
(UD) are displayed in Table 8.1. Each of these statistics provides 
different information on the model's ability to duplicate historical 
economic phenomena. The table corresponds to the endogenous variables 
and is divided into four sections; supply, demand, storage and price. 
On the average, quantity estimates are slightly better than price esti­
mates. 
RMSE The root mean square error (RMSE) shown in Table 8.1 
measures the deviation of the simulated values from their actual time 
path. The size of RMSE is dependent on the variable size. The magni­
tude of this error can be evaluated only by comparing it with the aver­
age size of the variable in question (Pindyck and Rubinfeld, 1976). 
However, the RMSE may be used to obtain a rough indication of the dis­
tribution of the unexplained differences. If the differences are ap­
proximately normally distributed, about two-thirds of the estimates in 
the sample period may be expected to fall within one RMSE of the actual 
values and about 95 percent within 2 KMSEs factual values. 
RMSPE, RCMSE and Theil U The root mean square percentage 
error (RMSPE), relative change mean square error (RCMSE) and Theil U 
are in relative terms in that the estimated error is divided by the 
value of the variable. This standardizes any one nonparametric 
Table 8.1. Measures of the estimated model's simulation ability 
Variables» RMSE RMSPE RCMSE Theil U UB UR UD 
Supply CORSA 2.864 0.03870 0.001595 0.0005 0.00 0.22 0.78 
Section SOYSA 3.844 0.08067 0.006366 0.0016 0.00 0.26 0.74 
HAPAC 0.000952 0.00297 0.000122 0.0129 0.00 0.08 0.92 
HAPAS 0.000291 0.01106 0.000008 0.0030 0.00 0.15 0.85 
YPHC 4.578 0.05276 0.002805 0.0006 0.00 0.02 0.98 
YPHS 1.252 0.04633 0.001942 0.0016 0.00 0.09 0.91 
YC 284.382 0.04880 0.002691 0.0000 0.00 0.03 0.97 
YS 151.920 0.11380 0.019500 0.0001 0.00 0.12 0.88 
Demand CORDF 138.326 0.03802 0.001578 0.0000 0.00 0.00 1.00 
Section SOYSC 44.168 0.05940 0.003772 0.0001 0.00 0.01 0.99 
CORDH 201.178 0.40650 0.179800 0.0004 0.00 0.99 0.01 
CORDS 0.609 0.04286 0.001979 0.0009 0.00 0.00 1.00 
SOYDS 1.516 0.02752 0.000083 0.0027 0.00 0.00 1.00 
CORJA 32.249 0.21080 0.045990 0.0010 0.00 0.07 0.93 
COREC 61.978 0.16570 0.041320 0.0006 0.02 0.58 0.40 
SOYJA 4.625 0.04316 0.002050 0.0004 0.01 0.00 1.00 
SOYEC 64.745 0.26080 0.081310 0.0013 0.00 0.62 0.38 
Storage CFST 98.201 0.33001 0.090461 0.0007 0.00 0.07 0.93 
Section SFST 52.922 0.90665 1.489401 0.0079 0.00 0.75 0.25 
CORHC 98.201 0.16583 0.030820 0.0002 0.02 0.00 0.98 
SOYHC 52.922 0.43560 0.121501 0.0019 0.01 0.22 0.77 
Price CORPF 0.426 0.21456 0.045172 0.1120 0.00 0.30 0.70 
Section CCORPF 0.426 0.19545 0.037581 0.0934 0.00 0.31 0.69 
CNFP 0.582 0.25617 0.075701 0.1401 0.00 0.75 0.25 
CNBS 0.288 4.13304 7.507501 9.7793 0.01 0.29 0.65 
SOYPF 0.830 0.15800 0.032340 0.0387 0.06 0.22 0.78 
SOYPM 0.830 0.14360 0.028571 0.0339 0.00 0.00 1.00 
SOFF 0.859 0.20450 0.051390 0.0502 0.00 0.08 0.32 
SYBS 0.535 11.41920 14.017701 9.9926 0.02 0.13 0.85 
V^ariable names are defined in Table 5.1. 
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statistic so that the statistic can be compared accurately across vari­
ables. 
Since the variables differ in magnitude, these three criteria are 
more comparable than the RMSE. In general, the model appears to de­
scribe relatively well most of the endogenous variables in the model. 
The RMSPE, RCMSE and Theil U are relatively low. The RMSPE for vari­
ables in the supply, demand, storage and price sections are in the 
ranges of 0.003 to 0.11, 0.03 to 0.40, 0.16 to 0.91 and 0.14 to 11.42, 
respectively. Out of 29 endogenous variables, 26 have RMSPE less than 
0.43. Variables with high RMSPE include the com and soybean bases 
(CNBS, SYBS) and free soybean stocks (SFST). Ranges for the RCMSE for 
variables in those sections are 0.0 to 0.019, 0.00083 to 0.180, 0.09 to 
1.49 and 0.029 to 14.02. Like RMSPE, variables with high RCMSE are 
CNBS, SYBS and SFST. Twenty-six endogenous variables are estimated 
with RCMSE less than 0.18. The estimated values of CNBS and SYBS are 
not as encouraging as other endogenous variables as estimated errors 
are much greater. This may be due to (1) the relatively inelastic 
nature (see Chapter VII) of the demand for corn and soybean stocks, and 
or (2) the competition for storage space by other products not 
accounted for in the model. Soybean free stocks (SFST) are estimated 
with relatively high RMSE and RCMSE, because the coefficient on the 
lagged dependent variable (SFST^  ^ ) is large (see Equation 7.17), 
implying slow adjustment. When demand for storage is estimated with 
error in the current period, the error is carried into the next period 
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through the lagged dependent variable. The current year's error takes 
several years to work Itself out as equilibrium Is again approached. 
This error may further affect other endogenous variables as the model 
Is solved simultaneously and dynamically. 
A more stringent test for the predictive ability of an econometric 
model Is Thell's U statistic. This statistic equals zero when the 
predictions of a variable exactly coincide with the historical values. 
If U = 1, the model forecasts no better than a "naive" model of no-
change from the previous period. If U > 1, the estimation of the model 
Is worse than the no-change estimation. As shown In Table 8.1 Thell's 
U coefficients, except those for CNBS and SYBS, are between 0 and 1, 
and Indicate that on the average, the model produced better estimates 
than would result from a "naive no change" extrapolatlve model. 
Thell's U for CNBS and SYBS, 9.78 and 9.99, suggests that the corn and 
soybean bases (CNBS, SYBS) would be estimated more accurately by the 
"naive no-change" model. However, since one of the objectives Is to 
analyze the Impact of government policy or external shocks on the corn 
and soybean bases, the econometric model Is more useful than an 
extrapolatlve model because It Is estimated with price and quantity 
variables through which policy or other Impacts can be traced. The 
estimates of corn and soybean price variables generally have higher 
RMSPE, RCMSE and Thell's U statistics than the corresponding supply 
variables. This occurs because the demand or storage for these prod­
ucts Is quite Inelastic (Chapter VII). Any error In estimated 
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production will cause the equilibrium prices to be estimated with an 
even larger relative error. 
UB, UR and UP The three parameters, bias proportion (UB), 
regression error proportion (UR) and disturbance proportion (UD), also 
Indicate the reliability of a estimate. Looking at the inequality 
proportion (Table 8.1), it is found that most of the estimated errors 
are from disturbance terms (UD) rather than from systematic or regres­
sion errors. UB is an indication of systematic error since it measures 
the extent to Which the average value of the simulated series deviates 
from the actual series. UB statistics for the simulation are from 0.0 
to 0.06. The regression error, UR, indicates the ability of the model 
to replicate the degree of variability in the variable of interest. 
Some variables, CORDH, COREC, SOYEC, SFST, CNFP and SYFP, have high UR 
(0.50 to 0.99) indicating that the variance of the simulated values is 
greater than the variance of the actual values. UD represents a more 
systematic random error that cannot be avoided. As indicated before, 
an unbiased and efficient estimate is characterized by UB » UR = 0 and 
UD " 1. This implies intercept » 0 and the slope - 1 simultaneously, 
when the actual series is regressed against the predicted series. 
Regression results Results of blvariate regression be­
tween the observed and the predicted endogenous variables are presented 
with t-values, R^ , Duban-Watson (DW) and F-values In Table 8.2. The 
t-values in parentheses test a - 0, b • 1 individually. PI indicates 
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Table 8.2. Results of regressing the actual series on the simulated series 
of all endogenous variables 
Parameter Estimates 
Variables Intercept Slope R2 F DW Fia 
CORS 4.76 , 
(0.69r 
0.93 . 
(0.71)b 
0.86 160.27 1.31 0.26 
SOYSA 1.74 
(0.47) 
0.96 
(0.48) 
0.91 164.03 1.80 0.12 
HAPAC 0.15 
(0.70) 
0.83 
(0.67) 
0.38 10.56 1.53 0.23 
HAPAS 
-0.028 
(-0.16) 
1.02 
(0.15) 
0.66 32.64 2.50 0.012 
YPHC 
-0.11 
(-0.013) 
1.0014 
(0.015) 
0.86 108.29 1.86 0.016 
YPHS 1.83 
(0.49) 
0.93 
(0.51) 
0.73 45.77 2.50 0.16 
YC 
-15.76 
(-0.051) 
1.0016 
(0.028) 
0.95 305.59 2.06 0.056 
YS 54.50 
(0.47) 
0.95 
(0.51) 
0.88 120.46 2.27 0.14 
CORDF 
-74.16 
(-0.25) 
1.019 
(0.24) 
0.91 162.15 2.14 0.032 
SOYSC 7.95 
(0.19) 
0.99 
(0.20) 
0.95 326.62 2.92 0.021 
CORJA 4.66 
(0.32) 
0.96 
(0.62) 
0.94 275.39 1.16 0.26 
COREC 46.30 
(0.93) 
0.87 
(1.08) 
0.73 45.36 2.02 0.48 
SOYJA 
-0.72 
(-0.20) 
1.0068 
(0.21) 
0.98 927.73 2.78 0.023 
&Fl-values relate to the hypotheses that intercept = 0 and slope = 1, 
simultaneously. The critical values of F1 for the analysis are 3.59 and 
5.11 at the 1% and 5% significant level respectively. 
"t-values in parentheses relate to the hypotheses that intercept = 0, 
slope =• 1 individually. The critical values of t for this analysis are 
2.56 and 1.74 at the 1% and 5% significant level, respectively. 
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Table 8.2. (continued) 
Parameter Estimates % 
Variables Intercept Slope R F DW F1 
SOYEC 60.54 
(1.05) 
0.69 
(1.02) 
0.62 27.59 1.70 2.88 
CORDH 314.23 
(6.58) 
0.28 
(7.28) 
0.35 9.06 0.83 29.29 
CORDS -0.80 
(1.14) 
1.055 
(1.25) 
0.97 582.85 1.91 0.85 
SOYDS 0.35 
(0.19) 
0.99 
(0.22) 
0.98 863.02 1.50 0.01< 
CFST 26.58 
(0.30) 
0.92 
(0.39) 
0.57 22.09 2.18 0.11 
SFST 12.23 
(0.02) 
0.87 
(1.01) 
0.78 47.84 1.52 0.54 
CORHC -40.67 
(-0.56) 
1.034 
(0.49) 
0.93 331.00 2.23 0.16 
SOYHC 25.39 
(1.20) 
0.82 
(1.54) 
0.77 56.25 1.50 1.26 
CORPF 0.40 
(1.33) 
0.78 
(1.29) 
0.75 40.08 1.90 1.72 
CCORPF 0.40 
(1.66) 
0.80 
(1.21) 
0.74 47.85 1.94 1.58 
CNFP 0.42 
(1.53) 
0.77 
(1.57) 
0.64 19.48 1.41 1.31 
CNBS 0.035 
(0.81) 
0.79 
(1.43) 
0.65 31.42 1.33 1.03 
SOYPF 0.49 
(1.03) 
0.88 
(1.10) 
0.82 75.49 2.79 0.63 
SOYPM 0.33 
(0.66) 
0.93 
(0.73) 
0.83 84.54 2.89 0.25 
SYFP 0.31 
(0.94) 
0.92 
(1.12) 
0.90 72.66 1.81 0.59 
SYBS -0.020 
(-0.32) 
0.73 
(1.58) 
0.54 20.19 1.78 1.41 
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that the F-value relates to the hypothesis that a = 0 and b " 1 with 2 
and 17 degrees of freedom. 
As can be seen from Table 8.2, the coefficients of determination 
range from 0.57 to 0.98 for all simulated variables except corn crop 
survival (HÂPÂC) and corn food demand (CORDH). Except for CORDH, the 
Intercepts vary from -74.16 to 60.54 and depend on the units of mea­
surement for each variable. The slope varies from 0.70 to 1.034. The 
DW for CORDH indicates the presence of serial correlation at a one 
percent significance level. The DW tests for SOYSC and SOYPM variables 
are Inconclusive, while other simulated variables Indicate the absence 
of serial correlation. The low r2 for CORDH and other variables may 
reflect structural changes in the corn and soybean market which were 
Inadequately modeled by a linear relationship. The test statistic F 
indicates that all R^ 's are significantly different from zero. The 
t-statlstic for the Intercept = 0 or the slope = 1 individually, or the 
F1 statistic for Intercept = 0 and slope = 1 simultaneously, appear to 
support the hypothesis that the intercept = 0 and slope = 1 i.e., of 
the model's forecasts, 28 out of 29 endogneous variables appear to be 
unbiased and efficient. The results for CORDH are consistent with the 
large Thell regression error (UR = 0.99). 
These simulation results are generally consistent. Both graphical 
and statistical evaluation of the simulation results lead to the gen­
eral conclusions that the model Is able to reproduce the historical 
time path of critical endogenous variables with acceptable accuracy. 
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This suggests that the model accurately portrays the corn and soybean 
markets. The model can thus be used with some degree of confidence to 
conduct multiplier or policy analysis. 
Multiplier Analysis 
The reduced form model, derived from the structural model, is 
employed to predict the impacts of changes in exogenous variables on 
endogenous variables. The formula described in Chapter VI is used to 
calculate the multipliers. In this section, the current impacts on 
endogenous variables of changes in the most significant and important 
exogenous variables are evaluated first. Then, the long-run multipli­
ers and length of adjustment from short-run to long-run are estimated 
and their economic and policy implications are interpreted. 
Selected short-run multipliers 
Table 8.3 contains the short-run multipliers for exogenous vari­
ables selected from the supply, demand and storage sectors. These 
exogenous variables are the effective corn diversion payment rate 
(CNDR/PRE), government com carryover (CCNL), government soybean carry­
over (SOQ), the corn threshold price in the EEC (CORPA), the exchange 
rate (SDR), Brazilian soybean production (SBBZP), U.S. per capita dis­
posable personal income (DPI), the real price index of livestock and 
livestock products (LIVP/CPI), other high-protein meal fed per animal 
unit (HPFWM/HPAU) and a weather proxy (TAPP^  ^ ). The multipliers in 
this model Include the unit response (M) and the elasticity response 
Table 8.3. Selected short-run multipliers for the model® 
Endogenous Variables Selected Exogenous Variables 
(1) CNDR/PRE (2) CCNL (3) SOQ 
$/bu. Mll.bu. Mil. bu. 
Unit ME EM E 
Corn 
Acreage planted mil.ac. -32, .92 -0.052 0.1 0043 0 .0317 -0 .0018 -0 .0010 
Crop survival — — - — - — —  
Yield per harvested acre bu. — — —  — —  
Total production mll.bu. -2706. 72 -0.052 0 .30 0. 038 —0, .13 -0 .010 
Feed mil.bu. -387. 38 -0.12 -0 .010 -0, .017 -0, .019 —0 .021 
Food mil.bu. -2427, .28 -0.63 -0 .64 -0, .13 -0. 11 -0 .022 
Seed mll.bu. —— —— — — —  —  
Export to Japan mll.bu. 88, 65 0.0051 0 .024 0, .07 0. 0044 0, .00089 
Export to EEC mil.bu. — — —  — —  
Commercial stock mll.bu. 19. ,29 0.0050 -0, .072 -0, 11 -0. ,010 -1. 00098 
Total stock mll.bu. 19, 29 0.0021 0. 92 0. ,50 -0. ,010 -0 ,00038 
Farm price $/bu. 3. ,71 0.25 0. 00093 0, 33 0. ,00018 0. 0042 
Wholesale price $/bu. 3, 71 0.23 0. 00093 0. 32 0. ,00018 0, .0038 
Futures price $/bu. 3, 54 0.20 0. ,0016 0. 66 0. 00094 0, 021 
Basis (price of storage) $/bu. —0, 18 -0.30 0. 00077 0. 56 0. ,00076 0, .044 
Soybeans 
Acreage planted mll.ac. -21, 11 -0.052 -0, 0068 -0, 093 0. 019 0, .016 
Crop survival — — —  — —  — — —  — 
Yield per harvested acre bu. — —  — — — 
Total production mil.bu. - 602. 38 -0.052 -0. 18 -0. 093 0. 49 0. 015 
Crush demand mll.bu. - 227. 32 -0.036 -0. 069 -0. 060 -0. 068 -0. ,0037 
Seed mll.bu. —— — —  — • — 
Export to Japan mll.bu. -15. 05 -0.017 —0. 0045 -0. 28 -0. 0045 -0, 0018 
Export to EEC mll.bu. - 181. 05 -0.011 -0. 16 -0. 53 -0. 16 -0. 033 
Commercial stock mil.bu. - 178. 83 -0.18 —0. 059 -0, 34 -0. 18 -0. 090 
Total stock mll.bu. - 178. 83 -0.013 -0. 059 -0. 34 0. 82 0. 18 
Farm price $/bu. 6. 35 0.10 0. 0017 0. 26 0. 0017 0. 016 
Wholesale price $/bu. 6. 35 0.08 0. 0017 0. 24 0. 0017 0. 015 
Futures price $/bu. 5. 69 0.29 0. 0027 0. 42 0. 0044 0. 043 
Basis (price of storage) $/bu. -0. 65 -0.21 0.00094 0, 57 0. 0027 0, 057 
4M » Impact oultlpller In unit terms. 
E • Impact multiplier In elasticity terms. 
Table 8.3. (continued) 
Endogenous Variables Selected Exogenous Variables 
(4) CORPA U) SDR (65 SBBZP T?) DPÏ72 
UAO/M.T. $/SDR 1000 Mil. bu. 100 $ 
M E  M E M  E M E  
Corn 
Acreage planted -0.036 -0.0536 -1.32 -0.020 0.081 0.0021 0.082 0.0049 
Crop survival -— —- — 
Yield per harvested acre — —- —— — —  — 
Total production -2.58 -0.053 -92.84 -0.019 5.70 0.0021 5.97 0.0046 
Feed 1.37 0.040 -7.39 -0.0022 0.97 0.0005 -0.97 -0.0010 
Food 7.10 0.21 -38.12 -0.0091 4.95 0.0025 6.72 0.0070 
Export to Japan -0.31 -0.16 -47.38 -0.26 -0.22 -0.0021 0.22 0.0044 
Export to EEC -10.74 -3.24 —— 
Commercial stock -0.011 -0.0028 -0.051 -0.00013 0.0075 0.0035 -0.033 -0.0032 
Total stock -0.011 -0.001 -0.051 -0.00005 0.0075 0.0012 -0.033 -0.00013 
Farm price -0.015 -0.75 0.0083 0.059 -0.0089 -0.0098 0.0048 0.019 
Wholesale price -0.015 -0.68 0.0083 0.056 -0.0089 -0.0089 0.0048 0.016 
Futures price -0.016 -0.66 0.067 0.094 -0.0048 -0.0051 0.0089 0.020 
Basis (price of storage) 0.0010 0.89 0.059 0.54 0.0040 0.0011 0.0040 0.25 
Soybeans 
Acreage planted 0.068 0.15 7.13 0.17 -0.48 -0.0019 0.48 0.045 
Crop survival —— — — 
Yield per harvested acare —— —— — —  
Total production 1.78 0.15 185.82 0.16 -12.60 -0.0019 12.64 0.043 
Crush demand 0.67 0.099 -46.00 -0.070 3.48 0.0092 17.42 0.18 
Export to Japan 0.045 0.048 7.82 0.086 -20.58 -0.053 -1.03 -0.045 
Export to EEC 0.54 0.88 168.80 1.59 8.20 0.0081 -7.05 -0.96 
Commercial stock 0.53 0.51 55.20 0.49 -3.70 -0.0063 3.75 0.14 
Total stock 0.53 0.07 55.20 0.39 -3.70 -0.0046 2i75 0.10 
Farm price -0.013 -0.33 0.94 0.26 -0.087 -0.0040 0.074 0.011 
Wholesale price -0.013 -0.31 0.94 0.24 -0.087 -0.0036 0.074 0.010 
Futures price -0.0132 -0.34 1.15 0.28 -0.073 -0.0034 0.087 0.045 
Basis (price of storage) 0.0002 0.71 0.21 0.67 0.014 0.040 0.013 0.092 
Table 8.3. (continued) 
Endogenous Variables Selected Exogenous Variables 
(8) LIVP/CPI (9) HPFWM/HPAU (10) TAPP 
1967 " 100 Thou, Ton in. 
M  E  M E M  E  
Corn 
Acreage planted -0.36 -0.046 0.017 0.0081 -3.31 -1.50 
Crop survival —— — — —  ——— 0.023 1.02 
Yield per harvested acre ——~ 13.94 6.43 
Total production -25.69 -0.0147 1.17 0.0079 775.25 5.90 
Feed -4.14 -0.0031 -29.91 -0.27 130.03 2.40 
Food -22.39 -0.0051 26.69 0.95 170.62 3.09 
Export to Japan 0.99 0.014 -0.045 -0.0079 -29.76 -5.70 
Export to EEC ——— — — —— — 
Commercial stock -0.033 -0.00024 0.0015 0.00013 4.35 0.62 
Total stock -0.033 -0.00093 0.0015 0.00004 4.35 0.24 
Farm price 0.023 0.0027 -0.0009 -0.029 -1.18 -11.10 
Wholesale price 0.022 0.0026 -0.0009 -0.007 -1.18 -10.99 
Futures price 0.039 . 0.033 -0.0048 -0.021 -1.07 -11.14 
Basis (price of storage) 0.017 0.14 -0.0039 -0.39 0.109 14.70 
Soybeans 
Acreage planted 2.16 0.19 -0.10 -0.070 7.27 1.40 
Crop survival —— ——— ——— 0.00046 0.017 
Yield per harvested acare — 3.15 4.47 
Total production 56.31 0.18 -2.57 -0.071 333.34 5.67 
Crush demand 77.45 0.35 -3.13 ->1.93 68.17 4.30 
Export to Japan -1.03 -0.030 0.047 0.017 4.52 0.091 
Export to EEC -36.57 -0.56 1.68 0.30 161.58 1.07 
Commercial stock 16.73 0.44 -0.76 -0.23 99.06 2.17 
Total stock 16.73 0.32 -0.76 -0.17 99.06 1.62 
Farm price 0.35 0.28 -0.014 -0.11 -1.71 -14.63 
Wholesale price 0.35 0.26 -0.014 -0.10 -1.71 -13.76 
Futures price 0.38 0.22 -0.015 -0.14 -1.33 -15.05 
Basis (price of storage) 0.033 0.56 -0.001 -0.36 0.38 20.14 
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(E). For example, in column (1), the value -32,92 means that increas­
ing the com diversion payment by $l/bushel would reduce corn acreage 
planted by 32.92 million acres with all other predetermined variables 
held constant. The corresponding elasticity is -0.052. Other values 
and elasticities are interpreted similarily and can be read from Table 
8.3. The strength of the impact is represented by the size of multi­
plier or elasticity. The following is a discussion of impact effects 
that occur when changes occur in selected exogenous variables. Since 
these selected exogenous variables affect either the production, utili­
zation, or storage sectors, the theoretical results of these impacts 
are first presented. Understanding these general cases will help to 
understand the anticipated effects of changes in each selected exoge­
nous variable. 
Effect of exogenous changes in supply, demand and storage - a 
graphical interpretation Anticipated effects on endogenous vari­
ables resulting from changes in supply, demand and storage are first 
explored. 
Shift in supply of corn or soybeans Figure 8.30a through 
8.30d is a graphical representation of either the com or soybean mar­
ket in isolation. Figures 8.30a and 8.30b Indicate demand (D) and 
supply (S) of the commodity, respectively. Figure 8.30c shows the 
storage market equilibrium where the supply of storage curve (SST) and 
demand for storage curve (DST) intersect at point A. Figure 8.30d 
presents cash and storage market simultaneous equilibrium where the 
cash market equilibrium curve (CME) intersects the storage market 
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Figure 8.30. Effect of an increase in supply of the commodity 
on cash and storage markets 
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equilibrium curve (SME) at point B1. This initial equilibrium shows 
the cash price, the futures price and the basis, CP^, FP^ - CPq, 
respectively; the Initial equilibrium quantity demanded, supplied and 
stocks are and ST^, respectively. If supply increases, i.e., if 
there is a rightward shift of the supply curve, S to S', in Figure 
8.30b, this would also cause the OMR curve to shift to the left. The 
size of shift depends on the effects from the cash market. The demand 
for storage curve (DST) also shifts out when the supply of commodity 
increases according to the model constructed. This pushes the basis up 
from FPq - CPq to FP^ - CP^ and quantity stock from STq to STj^ (Figure 
8.30c). The SME curve also shifts to the left as the DST curve shifts 
to the right. In Figure 8.30d, the SME curve shifts to SME'. However, 
it may shift more or less than SHE* depending upon the effects from the 
storage market. As shown in Figure 8.30d, both cash and futures prices 
decrease after shifts occur in CME and SME curves though it is possible 
to have a cash price decrease and a futures price increase. Figure 
8.30a demonstrates that as the cash price falls from CPQ to CP^, con­
sumer purchases Increase to from (^. In this case, both cash and 
futures prices decrease (CP, FP), but the Increase in basis (FP-CP) 
dictates that the reduction of FP is smaller than the reduction of CP. 
^The derivation of CME and SME curves is indicated in Appendix 
B. CME is a negatively sloped curve while SME Is a positively sloped 
curve. 
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Shift in demand for corn or soybeans Consider the Figures 
8.31a through 8.31d. An increase in consumption demand, as indicated 
in Figure 8.31a, causes demand to shift from D to D'. Such a change 
shifts the CME curve to the right. The size of shift in the CME curve 
is dependent upon the price responsiveness of the supply and demand 
schedules. Production increases from to Q® as futures price rises 
from FPq to FP^ (Figure 8.31b). The increase in production further 
causes the storage demand curve to shift from DST to DST', the basis 
increases to FP^ - CP^, and stocks increase to ST^ (Figure 8.31c). The 
rightward shift of the DST curve also causes the SME curve to shift to 
the left in Figure 8.31d, from SME to SME'. As indicated before, the 
relative shift of the SME curve may be more or less than the shift of 
the CME' curve. As shown in Figure 8.31d, both cash and futures prices 
increase after shifts occur in CME and SME curves. The positive impact 
on the basis in this case indicates that the futures price increases 
more than the cash price, which may in fact decline. 
Shift in demand for storage The shift in demand for stor­
age is assumed to be due to increases in current government stocks. An 
increase in government stocks tends to bid the basis up since it in­
creases total demand for storage. As Indicated in Figure 8.32c, the 
basis increases to FP^ - CP^ while stocks increase to ST^. The storage 
market equilibrium curve, SME, Indicated in Figure 8.32d, shifts to the 
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left as stocks Increase. This results In an Increase in the futures 
price to FFi and a decrease in the cash price to CPi. The quantity 
supplied increases as futures price rises (Figure 8.32b), and the quan­
tity demanded increases as the cash price falls (Figure 8.32a). 
The above discussion is limited to a single commodity and assumes 
the slopes of the demand and supply curves are theoretically correct. 
However, the multipliers reported in Table 8.3 may have signs that are 
not consistent with the foregoing figures. These inconsistencies occur 
because (1) ill-behaved demand curves were estimated for corn export 
demand to Japan and the demand for soybean storage; (2) the corn and 
soybean supply and storage demand functions modeled intercommodity 
dependency, so that the strength of feedback between commodities could 
affect the size and direction of impact. Based on the above graphical 
interpretations and the acknowledgements of the inconsistencies of the 
empirical model, the impact effects indicated in Table 8.3 can be ana­
lyzed . 
Effects of the effective com diversion rate (CNDR/PRE) The 
real effective com diversion payment rate (diversion payment deflated 
by the index of prices received by farmers) is used to measure the 
Impact of commodity programs on crop acreage. The impact multipliers 
of the corn diversion payment on each endogenous variable in the model 
are indicated in column (1), Table 8.3. An increase in the corn diver­
sion payment would decrease both corn acreage planted and production. 
This causes com cash and futures prices to increase, which would 
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depress domestic corn utilization for feed and food. However, an in­
crease in corn exports to Japan is caused by the U.S. com export to 
Japan function which has a positive slope in this study. There is no 
impact on com exports to the EEC due to policy insulation in the EEC9 
region. The decrease In current production of corn would reduce the 
demand for com stocks and, hence, reduce com storage price. 
In the soybean market, there is a negative impact of the corn 
diversion payment (CNDR) on soybean acreage. This is because CNDR 
makes corn production more attractive and hence reduces soybean acreage 
planted and production. This results in an increase in the soybean 
cash price, which reduces soybean crushing, exports to Japan and EEC. 
The decrease in soybean stocks and storage price is due to current 
soybean production decreases. The decrease in soybean storage price 
would also cause the com storage supply curve to shift out and tend to 
result in greater corn stocks. The increase in the corn (soybean) cash 
price coupled with the decrease in com (soybean) storage prices indi­
cates that the increase in the corn (soybean) futures price is less 
than the increase in the com (soybean) cash price. 
There is no impact on corn and soybean crop survival and yield per 
harvested acre since these variables are affected only by weather and 
technology trends. The impact multiplier on seed use is small, hence, 
it is not reported. 
Effects of government corn stock carryover (CCNL) The farmer-
owned reserved (FOR), backed by CGC stocks, is the principal instrument 
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used by the government for reducing grain price variability. CCC and 
FOR stocks of corn (CCNL) are used to estimate the impact on the corn 
and soybean sectors of a change in government policy. The impact mul­
tipliers are indicated in column (2). An increase in CCC and FOR corn 
stocks increases the total demand for storage, and hence, bids up the 
corn storage price and stocks. Such a policy causes the storage market 
equilibrium curve (SME) to shift to the left (Figure 8.32). The corn 
futures price Increases and encourages an increase in corn acreage 
planted and production. Similarly, the corn cash price should fall but 
results show that it increases. This result is due to interactions in 
production and feed demands. When the cash price of corn increases, 
corn food and feed uses decrease, but corn exports to Japan increase 
due to the positive slope estimated in this export function. 
Since corn and soybean production interact with each other, soy­
bean production appears to be less profitable after increases in corn 
stockholding by the government. This causes soybean acreage planted 
and production to decrease. A lower soybean supply would increase the 
soybean futures price, and cash price which would also reduce soybean 
domestic and foreign utilization. In the soybean storage market, the 
leftward shift of soybean storage supply curve resulting from Increases 
in corn storage prices is larger than the leftward shift of soybean 
storage demand curve resulting from reduction in soybean production. 
272 
This results in increasing soybean storage price but decreasing soybean 
stocks. 
Effects of soybean CGC stocks (SOQ) The impact multipliers for 
soybean GGG stocks are presented in column (3). The explanation of the 
impact of increases in soybean GGG stocks on each of the endogenous 
variables is similar to those indicated for the effect of corn CGC and 
FOR. Compared to the effects of changes in CGC and FOR stocks, the 
effects of GGG soybean carryover are less in terms of impact values (M) 
or elasticities (E). 
Effects of corn threshold price in EEC (GORPA) Under the Com­
mon Agricultural Policy (GAP) of the EEC, the threshold price is used 
to insulate the domestic EEC price from fluctuations in the world price 
level. This is accomplished by restricting Imports, which transfers 
price variability to the EEC's trading partners. 
The Impact effects of an increase in the EEC corn threshold price 
by one UAO/MT on U.S. corn and soybean markets are indicated in column 
(4). Increases in the corn threshold price reduce corn exports to the 
EEC and cause U.S. corn cash and futures prices to decrease. Domestic 
corn food and feed utilizations increase as price decreases. Corn 
exports to Japan decrease as prices go down due to the positive slope 
in this export function. The reduction in the corn price causes more 
soybeans to be produced, which reduces soybean cash and futures prices. 
Soybean domestic and foreign utilizations increase as cash price falls. 
The Increase in soybean production increases the demand for soybean 
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storage which tends to Increase soybean stocks and the soybean storage 
price, which would cause the corn storage supply to shift to the left 
and Increase the corn storage price. These factors, together with 
reduced production and demand for com storage, cause a reduction In 
corn stocks. 
Effects of exchange rate (SDR) The model uses the dollar value 
of SDRs (a measure of dollar strength) as a proxy for exchange rate 
effects on corn and soybean exports. The Impact of a change in SDRs on 
each endogenous variable is shown in column (5). An Increase In SDR 
reflects a dollar devaluation and increases foreign demand for soybeans 
and corn, hence, corn and soybean cash and futures prices all rise. 
The increases in corn and soybean cash prices reduce com food, feed 
and soybean utilization. 
Both corn and soybean futures prices increase but the increase in 
com futures prices is smaller than the Increase in soybean futures 
prices. The result of supply interactions is that soybean acreage 
planted and production increase while corn acreage planted and produc­
tion decrease. The corn storage demand curve shifts to the left and 
the soybean storage demand curve shifts to the right. The results 
indicate that both soybean storage price and stocks increase, while 
corn storage price Increases but stocks decrease. 
Effects of Brazilian soybean production (SBBZP) Brazilian 
exports of soybean and soybean products have experienced a tremendous 
growth. The Impact elasticities of SBBZP on endogenous variables in 
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this system are shown in column (6). The impact of Increased SBBZP 
reduces U.S. soybean exports to Japan. This results in a lower cash 
price, which Increases beans crushed and exported to the EEC. Corres­
ponding to the lower cash price, the soybean futures price is also 
reduced, which reduces soybean acreage planted and production. 
Since com and soybean supplies are interdependent in the model, a 
decrease in soybean futures price results in more corn acreage planted 
and production. The increase in corn production lowers the corn cash 
price and Increases domestic food and feed utilizations. Due to the 
positive slope of com export to Japan function, com exports to Japan 
decreases as the corn price falls. An increase in com production 
also increase com stocks and raises the com storage price. Soybean 
stocks decrease and the soybean storage price increases due to a left­
ward shift of soybean storage supply curve which results from the in­
crease in the corn storage price. This leftward shift of the soybean 
storage supply is larger than a left-shift of demand for storage curves 
which results from the decrease in soybean production. 
Effect of per capita disposal personal income (DPI72) The 
effects of increasing income in the U.S. on endogenous variables are 
indicated in column (7). One effect on com and soybean markets is an 
increase in the corn food and soybean crush demands. Increases in corn 
food demand and soybean crush demand causes com and soybean cash and 
futures prices to increase. The increase in corn and soybean cash 
prices reduces com feed use, soybean exports to Japan and the EEC but 
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Increases corn exports to Japan due to the positive slope estimated In 
this export function. The Increase In corn and soybean futures prices 
Increases corn and soybean acreage planted and production. 
The Increases in corn and soybean production cause the demand for 
corn and soybean stocks to shift out which results in Increased corn 
and soybean storage prices. These higher storage prices cause the 
supply of storage curve for the other commodity to shift to the left. 
In the short-run, the final result is that corn stocks decrease but 
soybean stocks increase, while both corn and soybean storage prices 
increase. 
In terms of the impact elasticity, the Impact of changing DPI on 
the soybean market is stronger than on the corn market. 
Effects of the real price of livestock and livestock products 
(LIVP/CPI) The impact of a change in the price of livestock and 
livestock products on endogenous variables is shown in column (8). 
This change can be viewed as an increase in the derived demand for corn 
and soybeans. Hence, all cash and future price effects are positive. 
The Impact of LIVP/CPI causes soybean crush and the soybean cash 
price to Increase. The initial shortage in soybean production causes 
an Increase in the soybean futures price. Soybean exports to Japan and 
the EEC decrease as the soybean cash price rises. With corn and soy­
bean supply interdependent, an Increase in soybean futures prices will 
lead to increased soybean production and reduced corn production. 
Lower corn production will lead to an Increased com cash price, which 
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will reduce corn food and feed uses. Corn exports to Japan Increase as 
the corn cash price goes up since, as Indicated before, the function 
for corn exports to Japan has a positive price coefficient. 
The Increase in soybean production cause an outward shift in the 
demand for storage and hence increase the soybean storage price and 
stocks. The decrease In com production reduces the demand for corn 
storage by an amount smaller than the upward shift of corn supply of 
storage, which results from the soybean storage price Increase. This 
causes corn stocks to decrease while the corn storage price increases. 
Effects of other high-protein meal (HPFWM/HPAU) The impact of 
change in other high protein meal uses is indicated in column (9). 
Since soybean meal, other high-protein meal and corn are all substi­
tutes in livestock feeds, an increase in HPFWM/HPAU causes com feed 
demand and soybean crush demand to decline with a resulting decrease in 
corn and soybean cash prices. The oversupply of corn and soybeans 
causes com and soybean futures prices to be bid down. Corn food uti­
lization increases as corn cash price goes down. Because of the posi­
tive slope on the com exports to Japan curve, the U.S. com exports to 
Japan decrease as the corn price falls. Soybean exports to Japan, to 
the EEC increase as the soybean cash price decreases. 
The interaction of the corn and soybean markets causes a lower 
soybean futures price relative to com and cause an Increase in corn 
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acreage planted and production but a decrease in soybean acreage plant­
ed and production. The decrease in soybean production reduces the 
demand for soybean storage, which in turn reduces soybean stocks and 
the storage price. An outward-shift in corn storage supply is greater 
than that of corn storage demand. This results in increased corn 
stocks and decreased storage prices. 
Effects of weather (TAPP^ Column (10) Indicates the impact 
of weather as measured by total precipitation on the corn and soybean 
markets. The major effect of a variation in weather (TAPP) is on the 
yield per harvested acre and total production of com and soybeans. 
Most of the variations in the total production of com and soybeans are 
due to yield changes rather than to adjustments in planted acreage. In 
the corn market, favorable weather has a negative impact on acreage 
planted, but a positive impact on yield per harvested acre, and total 
production increases if the weather is favorable. When total produc­
tion of corn or soybeans increases, it reduces corn and soybean futures 
prices. The oversupply also reduces the corn and soybean cash prices, 
which increases all corn and soybean utilization except for corn ex­
ports to Japan. In the storage market, when production of corn and 
soybeans increase, demand for com and soybean storage shifts out and 
increases both corn and soybean storage prices and stocks* The in­
crease in basis and decrease in cash price indicate that the decrease 
in the futures price is less than that of the cash price. 
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In comparison, the impact of weather on corn and soybean markets 
is stronger than any of the other shocks. Policy makers should consid­
er whether yields would be raised enough, due to favorable weather, to 
offset government efforts to control corn and soybean prices. 
Selected long-run multipliers 
In moving from the short- to the long-run, dynamic (interim) mul­
tipliers exhibit damped oscillation and converge toward 0 as the 
length of the time lag increases. This indicates that the model is 
stable in that all endogenous variables converge in the limit to what 
can be considered their equilibrium values. Given this stability con­
dition, the long-run multipliers are calculated and analyzed. 
By using Equation 5.52, the selected long-run multipliers of the model 
are estimated and presented In Table 8.4. For example, the long-run 
multipliers of the effective corn diversion rate on corn acreage plant­
ed (in column (1) and row (1) of Table 8.4) is -40.41 in terms of the 
units of observation and is -0.063 in elasticity terms. This means 
that a sustained change of one dollar per bushel in the corn diversion 
rate causes corn acreage planted to decrease 40.41 million acres, or a 
sustained change of one percent of the corn diversion rate results in a 
-0.063 percent change in corn acreage planted with other things held 
constant. Other long-run multipliers in the Table 8.4 are explained 
similarly. 
Table 8.4. Selected long-run nwltipllers for the model® 
Endogenous Variables Selected Exogenous Variables 
(1) CNDR/PRE (2) CCNL (3) SOQ 
$/bu. Mil.bu. Mil. bu. 
Unit ME EM E 
Corn 
Acreage planted mil.ac. -40.41 -0.063 0.0056 0.048 -0.0034 -0.0019 
Crop survival — —- — —- — —— 
Yield per harvested acre bu. —— —— 
Total production mil.bu. -3325.79 -0.063 0.39 0.048 -0.24 -0.0018 
Feed mil.bu. -479.41 -0.14 -0.0109 -0.018 -0.040 -0.0043 
Food mil.bu. -2956.10 -0.78 -0.69 -0.15 -0.20 -0.0042 
Seed mil.bu. —— —— — — — ——— 
Export to Japan mil.bu. 109.72 0.0062 0.026 0.082 0.0092 0.0019 
Export to EEC mil.bu. —— —— ——— 
Commercial stock mil.bu. 91.76 0.024 -0.15 -0.27 -0.012 -0.012 
Total stock mil.bu. 91.76 0.098 0.84 0.56 -0.012 -0.0045 
Farm price $/bu. 5.68 0.39 0.00096 0.35 0.00037 0.0086 
Wholesale price $/bu. 5.68 0.36 0.00096 0.34 0.00037 0.0078 
Futures price $/bu. 4.38 0.25 0.00186 0.77 0.00198 0.044 
Basis (price of storage) $/bu. -1,30 -2.21 0.00090 0.66 0.00168 0.093 
Soybeans 
Acreage planted mil.ac. -33.45 -0.082 -0.0078 -0.11 0.022 0.018 
Crop survival —— — —— — 
Yield per harvested acre bu. — —— 
Total production mil.bu. -871.77 -0.083 -0.26 -0.134 0.57 0.017 
Crush demand mil.bu. -253.67 -0.040 -0.079 -0.068 -012 -0.0065 
Seed mil.bu. —— — —— — — — 
Export to Japan mil.bu. -16.83 -0.018 -0.0049 -0.30 -0.0083 -0.0033 
Export to EEC •11.bu. -601.26 -0.036 -0.176 -0.58 -0.29 -0.060 
Commercial stock mil.bu. -1303.33 -1.32 -0.30 -1.72 -0.22 -0.11 
Total stock mil.bu. -1303.33 -0.95 -0.30 -1.22 0.88 0.16 
Farm price $/bu. 11.19 0.18 0.00186 0.28 0.0018 0.017 
Wholesale price $/bu. 11.19 0.15 0.00186 0.26 0.0018 0.016 
Futures price $/bu. 6.35 0.32 0.00335 0.52 0.0058 0.056 
Basis (price of storage) $/bu. -4.84 -1.54 0.00151 0.91 0.0040 0.093 
®See footnote on Table 8.3. 
Table 8.4. (continued) 
Endogenous Variables Selected Exogenous Variables 
(4) CORPA (5) SDR (6) SBBZP (7) DPI72 
UAO/M.T. S/SI» 1000 Mil. bu. 100 $ 
M E H EM E M E 
Corn 
Acreage planted -0.046 -0.068 -1.71 -0.026 0.11 0.0028 0.106 0.0063 
Crop survival - —  —— —— 
Yield per harvested acre 
Total production -3.24 -0.067 -120.19 -0.24 7.49 0.0027 7.50 0.0058 
Feed 1.42 0.041 -11.11 -0.0033 1.26 0.00064 -1.26 -0.0013 
Food 7.40 0.22 -60.53 -0.011 6.52 0.0033 6.78 0.0071 
Seed 
Export to Japan -0.39 -0.20 -48.30 -0.27 -0.29 -0.0028 0.29 0.0058 
Export to EEC -11.67 -3.52 — — —  — ——— 
Commercial stock -0.038 -0.0096 -8.29 -0.0025 0.57 0. 27 -0.58 -0.056 
Total stock -0.038 -0.0038 -8.29 -0.00081 0.57 0.091 -0.58 -0.0022 
Farm price -0.017 -0.86 0.0095 0.068 -0.020 -0.022 0.006 0.024 
Wholesale price -0.017 -0.78 0.0095 0.062 -0.020 -0.020 0.006 0.021 
Futures price -0.020 -0.83 0.10 0.14 -0.012 -0.013 0.011 0.025 
Basis (price of storage) 0.003 1.53 0.093 0.85 0.0080 0.0022 0.0050 0.31 
Soybeans 
Acreage planted 0.076 0.17 8.36 0.20 -0.57 -0.0022 0.57 0.053 
Crop survival — —  — — —  —— 
Yield per harvested acare — —  - —  
Total production 2.48 0.21 239.83 0.21 -19.80 -0.0022 14.86 0.052 
Crush demand 0.77 0.11 -52.00 -0.079 :4.32 0.061 25.42 0.16 
Export to Japan 0.048 0.051 8.37 0.092 -24.95 -0.055 -2.26 -0.098 
Export to EEC 1.67 0.92 283.22 1.61 9.03 0.0089 -8.34 -0.99 
Commercial stock 2.97 2.15 326.18 2.89 -22.20 -0.038 22.25 0.83 
Total stock 2.97 2.07 326.18 2.30 -22.20 -0.027 22.25 0.59 
Farm price -0.018 -0.47 0.96 0.27 -0.099 -0.0045 0.075 0.12 
Wholesale price -0.018 -0.45 0.96 0.25 -0.099 -0.0041 0.075 0.10 
'utures price -0.026 -0.68 1.32 0.32 -0.075 -0.0036 0.099 0.052 
Basis (price of storage) 0.008 2.84 0.36 1.14 0.016 0.046 0.014 0.99 
Table 8.4. (continued) 
Endogenous Variables 
(8) livp/cpT 
Selected Exogenous Variables 
(9) hpfwm/hpau (10) tapp" 
1967 - 100 Thou, . Ton in 
M E M E H E 
Corn 
Acreage planted -0.47 -0.019 0.22 0.11 -3.80 -1.72 
Crop survival —— — 0.023 1.02 
Yield per harvested acre — — 13.94 6.43 
Total production -33,40 -0.018 1.53 0.010 810.92 6.17 
Feed -5.61 -0.0045 -30.35 -0.29 136.79 2.52 
Food -29.07 -0.0066 29.91 0.99 705.30 3.25 
Seed 
Export to Japan 1.28 0.018 -0.59 -0.10 -31.30 -5.99 
Export to EEC —— —— — —  
Commercial stock -2.51 -0.018 0.12 0.010 4. 38 0.62 
Total stock -2.57 -0.0072 0.12 0.0032 4.38 0.24 
Farm price 0.027 0.0034 -0.0014 -0.046 -1.25 -11.75 
Wholesale price 0.027 0.0032 -0.0014 —0.046 -1.25 -11.64 
Futures price 0.052 0.044 -0.0023 -0.027 -1.11 -11.56 
Basis (price of storage) 0.025 0.20 -0.0009 -0.44 0.14 18.58 
Soybeans 
Acreage planted 2.53 0.22 -0.12 -0.084 9.48 1.82 
Crop survival — — 0.00046 0.017 
Yield per harvested acare —— — 3.15 4.47 
Total production 66.17 0.20 -3.32 -0.083 390.95 6.65 
Crush demand 118.95 0.48 -5.28 -2.59 113.76 7.17 
Export to Japan -1.16 -0.035 0.053 0.019 7.55 0.15 
Export to EEC -51.61 -0.78 1.90 0.34 269.64 1.78 
Commercial stock 99.08 2.60 -4.53 -1.37 585.76 12.83 
Total stock 99.08 1.89 -4.53 -1.01 585.76 9.57 
Farm price 0.38 0.31 -0.020 -0.16 -2.85 -18.63 
Wholesale price 0.38 0.29 -0.020 -0.15 -2.85 -17.34 
Futures price 0.44 0.26 -0.022 -0.13 -1.64 • -19.98 
Basis (price of storage) 0.06 1.01 -0.0020 -0.72 1.21 64.13 
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The usefulness of the long-run multipliers lies In the fact that 
they facilitate the comparison of the effects in the long-run and the 
short-run When changes In exogenous variables occur. Comparison of the 
long-run multipliers with short-run multipliers corresponding to each 
of the exogenous variables (Table 8.3) shows that the signs are consis­
tent. This indicates that the direction of the Impact Is the same in 
the long- and short-run. 
In terms of the magnitude of the unit multipliers or elasticities, 
Table 8.4 also shows that the long-run multipliers are larger in absol­
ute value than the short-run multipliers. This indicates that the 
effects of permanent change in the selected variables on all endogenous 
variables will become stronger over time. The effect of policy changes 
and other shocks in following years on all economic variables depends 
not only on the feedback relationships but also on the relative 
responses in the corn and soybean markets. 
A synthesis of the short- and long-run multipliers 
While emphasis in this section is on the relationships between the 
SR and LR multipliers, it may be instructive to first examine the time 
paths from initial change, through dynamic adjustments, to the final 
stationary equilibrium value. Comparison of the short-run and long-run 
multipliers in Table 8.3 and 8.4 indicates that the time path of the 
adjustment process can be generalized in Figure 8.33. As indicated in 
Figure 8.33, When a one unit change in exogenous variables (Xt) 
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long-run equilibrium value 
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Figure 8.33. Time path for adjustment in endogenous 
variables when exogenous variable 
sustains to change in one unit 
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occurs, the Initial change In the endogenous variable (Yt) Is called 
the short-run or Impact multiplier, while the long-run multiplier is 
the sum of all dynamic multipliers over time from a sustained one unit 
change in Xf The sum of the dynamic multipliers within a specified 
period K, is called the cumulative multiplier in period K. The cumula­
tive multiplier will approach a stationary equilibrium as K— 
Since the adjustment process moves in the upward direction, the long-
run multiplier is larger than the short-run multiplier. 
The cumulative multiplier of each endogenous variable would even­
tually lead to the long-run equilibrium multiplier. The sooner the 
cumulative multiplier approaches the long-run multiplier, the faster 
the new stationary equilibrium is reached. Otherwise, the adjustment 
speed is slow. The length of time expired until the cumulative multi­
plier exceeds 90 percent of the long-run multiplier is used as a 
criterion to determine the speed of adjustment. Based on this 
criterion, the time length of adjustment in each endogenous variable 
corresponding to each selected exogenous variable is calculated and 
presented in Table 8.5. It should be noted that the time length 
indicated in this table depends heavily on the dynamic adjustments and 
the feedback relationships between the corn and soybean markets. The 
usefulness of Table 8.5 is that it provides economic and policy 
implications. Use column (2) as an example : The government uses CGC 
and farmer-owned reserve stock (CCNL) as policy instruments to affect 
corn and soybean prices. The length of time needed to achieve a new 
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equilibrium for the farm price or the wholesale price of com or soy­
beans Is less than one year, but for the futures prices and the basis, 
it is around 6 to 7 years. The adjustment speed to long-run equili­
brium for the farm price or the wholesale price is faster than for the 
futures price or the basis under this policy. Similar inferences can 
be made from each column. As another example, the government can use 
either the effective corn diversion rate (CNDR), corn CCC and FOR 
stocks (CCNL) or soybean CCC carryover (SOQ) as policy instruments to 
change the level of corn commercial storage (CFST). The time length 
for adjustment is 10 years, 4 years and 8 years, respectively for these 
variables. This suggests that (1) if the government wants CFST to 
change quickly to achieve a new equilibrium level, then CCNL can be 
used as a policy Instrument. (2) If the government wishes CFST to 
adjust slowly to a new equilibrium level, then CNDR can be used as a 
policy instrument. (3) Otherwise, the government may use SOQ as a 
policy instrument to alter commercial corn storage levels. The effects 
on other endogenous variables related to these three policy Instruments 
can be investigated as well. 
From an investigation of the time lags indicated in Table 8.5 for 
the other exogenous variables (CORPA, SDR, SBBZP, DPI72, LIVP/CPI, 
HPFWM/HPAU and TAPP^_^), it is easy to appreciate how quickly or slowly 
the endogenous variables converge to a new stationary equilibrium after 
sustained changes in these exogenous variables. The major conclusions 
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are that such changes have far-reaching effects on endogenous variables 
in general, since the time length for adjustment to new equilibrium is 
very long. In moving toward the new equilibrium. Impacts are distorted 
by other temporary events. The results Indicate that a change in EEC 
common agricultural policy transmitted via changes In the corn thres­
hold price (CORPA), the exchange rate via SDR, Brazilian soybean pro­
duction (SBBZF) and disposable income (DPI72) have long-lasting effects 
on the U.S. corn and soybean sectors. The slow adjustment to weather 
changes reflects the biological nature of corn and soybean production. 
The real price of livestock and its products (LIVP/CPI) and other high 
protein meal in per capita annual unit (HFFWM/HPÂU) appears to have a 
long lasting Impact on the endogenous variables in this model. It may 
be that in the long run, these exogenous variables are interrelated 
with the endogenous variables and may themselves be endogenous vari­
ables. Hence, the effects nay last longer before the new equilibrium 
is reached. Other more detailed scenarios can also be examined and 
evaluated allowing decision makers to concentrate on the most relevant 
set of events. 
Summary and policy options 
The effects of (selected) exogenous variables on endogenous vari­
ables are quantified and examined using multipiers. The short-run 
multiplier are used to evaluate the impact of changes in exogenous 
variables on endogenous variables in the current period. The long-run 
multipliers measure the total effects on the endogenous variables when 
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the exogenous variables experience a sustained change in every period. 
The long-run multiplier thus takes into account all additional Impacts 
over time. The selected short-run multipliers in the model are indi­
cated in Table 8.3, while the long-run multipliers are indicated in 
Table 8.4. The signs and magnitudes of the multipliers or elasticities 
give a clear indication of the direction and strength of the Impact. 
The cumulative multipliers allow for the intertemporal relations be­
tween the variables over any specified number of time periods. The 
point at which the value of the cumulative multiplier reaches 90 per­
cent of the long-run multiplier is used to determine the approximate 
time length for adjustment to a long-run equilibrium. The estimated 
time lengths are shown in Table 8.5. The table indicates that some 
variables are more stable than others and move more rapidly towards 
equilibrium. 
Multiplier analysis is usually used to assess the impact of policy 
instruments on market structure and price dynamics. In making a policy 
decision, it is useful to know the relationship of short-run multipli­
ers, long-run multipliers and the length of adjustment resulting from a 
change in policy or instrumental variable. As indicated above, there 
are three potential policy variables considered in this analysis: The 
corn effective diversion payment rate (CNDR), the corn CCC and FOR 
stock (CCNL) and the soybean CCC stocks (SOQ). Given the direction of 
the impact, the magnitude of the short-run and long-run multipliers and 
the adjustment speed to new equilibrium on each endogenous variable 
jiable 8.5. Time length (numbers of years) for cumulative multiplier to exceed 90 percent of long-run 
multiplier 
Selected Exogenous Variables 
Endogenous CNDR/PRE CCNL SOQ CORPA sm SBBZP DPI 72 LIVP/CPI HPFWM/ TAPE 
Variables HPAU 
Corn 
Acreage planted < 1 3 4 7 16 9 15 6 10 4 
Crop Survival - - - - - - - - — 7 
Yields per harvested acre — - - - - - - - — 7 
Total production <1 5 5 8 17 10 16 7 12 8 
Feed <1 2 14 16 7 8 10 8 13 8 
Food <1 3 17 15 6 7 5 14 14 7 
Seed — - - - - - - - - -
Export to Japan <1 7 2 3 22 23 23 8 11 16 
Export to EEC - - - 1 - - — - — -
Commercial Stock 10 4 8 18 15 21 11 14 15 13 
Total Stock 10 4 8 18 15 21 11 14 15 13 
Farm Price 1 < 1 < 1 6 8 8 5 4 9 < 1 
Wholesale Price 1 <1 <1 6 8 8 5 4 9 < 1 
Futures Price 6 6 7 16 9 14 9 11 10 12 
Basis (price of storage) 8 7 7 17 10 16 9 12 11 13 
Soybean 
Acreage planted 1 2 <1 1 1 1 2 1 1 4 
Crop Survival - - - - - - - - - 4 
Yield per harvested acre — — - - - - - — - 5 
Total production 1 2 <1 1 1 1 2 1 1 5 
Crush 15 11 2 <1 18 16 18 13 12 9 
Seed - - - - - - - - - -
Export to Japan 11 7 7 12 20 18 23 14 12 12 
Export to EEC 12 6 12 18 10 15 25 10 9 12 
Commercial Stock 7 8 7 16 11 13 21 10 15 11 
Total Stock 7 8 7 16 11 13 21 10 15 11 
Farm Price 1 <1 <1 9 4 8 8 3 < 1 <1 
Wholesale Price 1 <1 <1 9 4 8 8 3 < 1 <1 
Futures Price 6 7 6 14 8 10 16 8 10 9 
Basis (price of storage) 7 7 7 15 10 11 19 9 12 10 
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over the sample period, policy options for each instrument can be sum­
marized as in Table 8.6. In Table 8.6, for example, in case three 
there is a relatively^ high short-run multiplier, a relatively low 
long-run multiplier and a relatively quick adjustment to new equilib­
rium levels if one of three policy variable changes. If a decision 
maker wishes these results to occur, given the simulated model, then 
policy three should be considered. Any policy instrument that meets 
these objectives may be used. 
Consider as an example a change in private corn stocks (CFST) by 
manipulating either com CGC and FOR stocks (CCNL) or soybean CCC 
stocks (SOQ). The results of this study indicate that a sustained 
Increase of one million bushels of CCNL leads to a short-run decrease 
of 72,000 bushels of private corn storage, a long-run decrease of 
150,000 bushels, and a long-run equilibrium in four years. A one mil­
lion bushel increase in SOQ results in a short run decrease in private 
corn storage of 10,000 bushels, a long run decrease of 12,000 bushels 
and a new equilibrium in 8 years (Table 8.3, 8.4 and 8.5). This pro­
vides the decision maker with information that (1) if the government 
wishes to have a relatively high impact in the short-run and long-run, 
and also a quick adjustment to achieve new equilibrium for changing 
private corn storage, then CCNL may be considered as the best policy 
instrument. (2) If the government wishes to have a relatively low 
^The discussion on Table 8.6 is based on the "relative" rela­
tionships for the strength of Impact and the speed of adjustment. 
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Table 8.6. Classification of policy options^ 
Short-run Long-run Adjustment Policy 
Cases Multiplier Multiplier Speed Options 
1 H H Q 1 
2 H H S 2 
3 H L Q 3 
4 H L S 4 
5 L H Q 5 
6 L H S 6 
7 L L Q 7 
8 L L S 8 
" high Impact multiplier; 
L = Low Impact multlpler; 
Q • quick adjustment; 
S = slow adjustment. 
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Impact in short-run and long-run and a slow adjustment to a new equi­
librium level for changing private com storage, then SOQ may be 
considered as the best policy instrument, i.e., manipulating soybean 
government stocks to control private com storage is an indirect 
policy. The government will increase or decrease stocks depending upon 
whether the com market price is higher or lower than the government 
loan rate in the initial situation. Other policy effects on endogenous 
variables in the model can be analyzed similarly. 
It is Important to realize that the impacts generated by the model 
are based on historical relationships that are incorporated in the 
model structure. Since the simulated model reproduced the endogenous 
variable fairly well, these Impacts should provide reasonable measures 
of market response to external shocks. Multiplier analyses are valu­
able tools for price and policy analysis. The results, however, should 
be used in conjunction with other relevant information on the present 
com and soybean markets and consideration should be given to dynamic 
processes. Then, the application of the impact results would be more 
realistic. 
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CHAPTER IX. SUMMARY AND CONCLUSIONS 
Corn and soybeans are two agricultural commodities that are 
Important to the U.S. and to the world. The dynamics of the U.S. 
corn and soybean system are best understood by considering the factors 
which affect the domestic consumption and production sectors and ex­
ports which link these domestic sectors to International markets. The 
major purpose of this study was to estimate interrelationships among 
the economic forces and policy instruments affecting corn and soybean 
sectors. It is hoped that the empirical results of the model will 
Increase the quantitative knowledge for economic and policy analysis. 
There are two types of markets for corn and soybeans - the cash 
market and the futures market. The model developed in this study em­
ployed the simultaneous equations technique to Integrate the corn and 
soybean sectors and to Incorporate futures prices into the model. This 
model differs from many of the previous commodity market models in two 
respects. Futures prices are used in corn and soybean supply analysis, 
and the cash-futures price differentials are used in corn and soybean 
storage determination. In the model developed in this study, these two 
factors are incorporated into the corn and soybean production - utili­
zation structure to analyze corn and soybean market behaviors. 
The model contains 19 behavioral equations and 10 identities. 
There are four integral blocks comprising the structural foundation of 
the model: (1) The supply block, which includes acreage planted, crop 
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survival and yield per harvested acre for corn and soybeans. (2) The 
domestic demand block, which Includes com for feed, corn for food, 
corn for seed, soybean crushing and soybean for seed. (3) The export 
demand block, which includes corn and soybean exports to Japan and the 
EEC. (4) The storage block, which contains the demand for and supply 
of corn and soybean storage. An additional block specified Is an iden­
tity block which leads to the simultaneity of the whole system. It 
includes price linkages, technical relationships and market clearing 
identities. Corn and soybean production, consumption, storage, cash, 
and futures prices, and the cash-futures price differential are endoge­
nous so that the dynamics and the interaction of the corn and soybean 
sectors can be analyzed and the simultaneous equilibrium in the cash 
and storage markets can be modeled. 
Based on this model, the econometric analysis to achieve the ob­
jectives of the study was performed in three main steps: First, the 
structural model was estimated to identify the structural parameters 
which provided both the direction and magnitudes of relevant factors 
influencing different components of corn and soybean production, utili­
zation and storage. Second, the model was used for the simulation of a 
historical period to determine the predictive accuracy of the whole 
system. Finally, selected multipliers of the model were calculated to 
analyze the impact of external shocks on the corn and soybean markets. 
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Because of the contemporaneous correlation between corn and soy­
bean supply, demand and storage, and the autocorrelation of some resid­
uals, the autoregresslve three stage least squares (A3SLS) with princi­
pal components was used to estimate the structural coefficients based 
on data from 1961/62 to 1980/81. Overall, the estimated relationships 
appear consistent with a priori theory. The results are generally 
satisfactory with coefficients of the expected signs and acceptable 
significance. A dynamic historical simulation of the model was ob­
tained by means of the Gauss-Seldel algorithm. Tests conducted on the 
statistical properties of these solutions suggested that the model's 
forecasts were generally unbiased and efficient. The conclusion drawn 
was that the model generally provided a reasonable estimate of the 
structure of the simultaneous system. 
The results of the empirical model support the main hypotheses 
that (1) futures prices and the cash-futures price differential should 
be treated as endogenous In the system since they provide valuable 
Information for corn and soybean production responses and Inventory 
decisions; (2) corn and soybeans compete for storage space; (3) corn 
and soybean prices tend to move together as they reflect changing mar­
ket conditions; and (4) the price determination processes of corn and 
soybeans should take Into account the Interdependency of corn and soy­
bean supply, demand, and storage. 
The dynamic analysis of the estimated structural model provides 
several Important findings, which are summarized here. 
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1. Corn and soybean futures prices for the post-harvest contracts 
affect producers' price expectations In their production decisions. 
Producers need not actually participate as hedgers In futures markets ; 
they need to consider only futures prices as expected prices In making 
their planting decisions. 
2. In evaluations of total production response, not only acreage 
planted and yields per harvested acre need to be considered, but also 
crop survival from planting to harvest must be taken Into account. 
In the formulation of policy decisions. It should be recognized that 
corn and soybean yields could be high enough to offset the government 
efforts to control supply through acreage reduction programs, since 
weather factors were found to explain most of the variations In yields 
and crop survival. 
3. The results of this study. In comparison with those of other 
Investigations, Indicate that the demand for corn for feeding and soy­
beans for crushing In the U.S. became less elastic over time. Com 
used as animal feed appears to be complementary with soybean meal. 
This result differs from previous findings. Increases in livestock 
feeding in the U.S. Indicate a tendency toward the increased use of 
corn for feed and soybeans for crushing. The estimation of corn food 
demand indicates that corn is a normal good but with an inelastic re­
sponse to price and income. 
4. Both corn and soybean exports to Japan and the EEC are strong­
ly affected by national Income and animal population units in those 
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markets. Import prices facing Japan and the EEC were constructed using 
transportation costs and exchange rates. U.S. exports of com and 
soybeans are also affected by foreign trade policies. 
5. Com and soybean storage are responsive to the cash-futures 
price differentials for corn and soybeans. The price differences be­
tween cash and futures prices reflect a storage price In this annual 
model. 
6. The selected short-run and long-run multipliers of the model 
are reported in Tables 8.3 and 8.4. Those exogenous variables were 
selected because they have been found to have Important effects on the 
com and soybean markets. The signs of the short- and long-run multi­
pliers are consistent. This indicates that the direction of Impact in 
response to the initial stock and subsequent impacts up to the final 
equilibrium are the same. Long-run multipliers are larger than short-
run multiliers as expected. 
7. The model appears stable since all dynamic multipliers exhibit 
a geometric decline and converge to zero as the length of the time lag 
increases. In the dynamic adjustment process, some endogenous vari­
ables are more stable than others and move faster toward their equilib­
rium levels (Table 8.5). The criterion used to measure the time lag 
for adjustment is the numbers of periods required for the cumulative 
multipliers to exceed 90 percent of total multipliers for full adjust­
ment has occurred. An analysis of the length of adjustment for Impacts 
on each endogenous variable reveals that changes in domestic corn and 
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soybean policies, such as corn diversion programs and corn and soybean 
government stock operations, have a quick response and fast adjustment 
toward a new equilibrium. However, changes in U.S. personal dispos­
able income, price of livestock-livestock products, use of other high 
protein-feed, weather during the growing season, exchange rates, EEC 
trade policy and Brazilian soybean production have longer adjustment 
periods. 
Limitations of the Study and Suggestions for 
Further Research 
The important results of this study have been summarized. How­
ever, when applying these results, consideration must be given to the 
limitations of the study and the possible improvements of the model. 
These are: 
1. The proxy variables , such as weather, technological changes, 
off-farm storage capacity, etc., used in this model may not be good 
approximations of the underlying variables. 
2. Under a rational expectations hypothesis, the futures price is 
used as an expected price. Intuitively, this Is a strong assumption 
which ignores any bias which may exist in the futures market as a re­
sult of; (1) risk aversion, (2) Imperfect information, and (3) trans­
action costs. To deal with this problem, it may be more appropriate to 
use an error-in-variables model for estimation. 
3. The model was specified and estimated as an annual model, but 
annual averages may not reflect actual price conditions for any time 
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period within a year. For example, corn and soybean inventory accumu­
lation and reduction may be more responsive to futures and cash price 
relationships throughout the year. Therefore, this model could be 
estimated by using quarterly or monthly data or by modeling long-run 
and short-run market behaviors together. 
4. The sensitivity of the livestock sector to changes in both 
price and quantity of corn and soybeans suggests that the livestock 
sector may be endogenous to the system. Furthermore, futures prices 
generated from the futures markets affect corn, soybean and livestock 
price expectations. It will be important to build models in which 
futures markets are taken into account explicitly. 
5. Finally, it should be recognized that the results generated by 
this model are based on historical relationships. These results are 
highly dependent on the data collected and used in the estimation proc­
ess. There is no doubt that the results should be used in combination 
with other relevant information on the present com and soybean system 
and consideration must be given to the dynamic process. This research 
has also taken into account the role of futures price and emphasized 
the essential interdependence of cash, futures and storage markets in 
the integrated corn-soybean model. Although there is room to improve 
the results obtained from this study, the major objectives of the study 
were accomplished. 
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APPENDIX A: DERIVATION OF CERTAIN DATA SERIES 
The sources of data come from different published reports and 
are shown in detail in Table 5.1. Some variables were transformed and 
require further explanation: 
Corn cash price (CORPF) and soybean cash price (SOYPF) received by 
farmers 
The price series is published for each month of the entire crop 
year. The annual price is obtained by the simple average of each 
month's price over the crop year. 
Futures price of corn (CNFP) and soybeans (SBFP) 
The futures prices for corn and soybeans are the closing prices 
for the December and November futures contracts on the Chicago Board of 
Trade on or about the 15th of each month. A simple average of these 
prices over the crop year is used as an aggregate measure of annual 
futures prices. 
Effective support price of corn (CESUT), of soybeans (BESUT) and corn 
effective diversion rate (CNDR) 
In effect, these variables state the payment rate In terms of the 
base acreage since the announced payment rates are typically stated in 
terms of planted or diverted acreage. Therefore, the effective 
government payment rates are the product of the nominal payment rate 
and the proportion of base acreage eligible for planting or required 
for diversion and set-aside. 
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Farm animal population units (JANP, ECNP) 
The units represent cattle, hogs and poultry in Japan (JÂNP) and 
the EEC9 countries (ECNP) and are expressed in thousands. The data for 
farm animal population were obtained from the F AO annual Production 
Yearbook. Since the three categories of livestock have different feed 
intake requirements, they are weighed as cattle, 1.000; hogs, 0.400; 
and poultry 0.025. These weights are based on the feeding ratios 
suggested by Houck, Ryan and Subotnik (1972). 
Exchange rate (SDR) 
Exchange rates to reflect the value of the U.S. dollar were 
represented by Special Drawing Rights (SDR). Annual SDR is estimated 
by averaging monthly SDR data found in International Financial 
Statistics. 
Transportation costs to Japan (OFRJ) and the EEC9 (OFRE) 
Ocean freight rates were used to estimate transportation costs 
from the U.S. gulf port to Japan and the EEC. These rates are measured 
from quarterly ocean freight rates for com and soybeans to Japan and 
the EEC9. These data were provided by the transportation branch of the 
U.S. Department of Agriculture. 
Crop year to crop year change in variable costs per acre for corn 
(ACRVC) and for soybeans (ASYVC) 
Variable costs for producing corn and soybeans are obtained from 
the USDA TDAM data base. These costs are the quantities of inputs used 
times input prices. 
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APPENDIX B: DERIVATION OF THE CASH MARKET EQUILIBRIUM 
CURVE AND STORAGE MARKET EQUILIBRIUM CURVE 
The cash market equllbrlum curve (CME) and storage market 
equlllbrum curve (SME) are derived based on the fundamental model 
developed in Chapter VI. 
In the cash market, demand (Q^) is a function of cash price 
(CP), while supply (Q®) is a function of futures price (FP): 
. (+) (-) 
Q » a + b CP 
8 (') (+) 
Q - c + d FP 
under equilibrium, qd = QS, i.e., 
a + b C P - c + d F P  
( ? )  ( - )  
thus, CP •= ^  ^ FP 
The cash market equilibrium curve is negatively sloped and can be drawn 
as CME in Figure B.l 
In the storage market, both demand for storage (DST) and supply of 
storage (SST) are functions of the futures and cash price 
differential: 
(+) (-) 
DST = e + f (FP - CP) 
(?) (+) 
SST = g + h (FP - CP) 
under equilibrium, DST = SST, i.e., 
e + f (FP - CP) = g + h (FP - CP) 
e + f FP - f CP - g + h FP - hCP 
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(? )  
thus FP = 1^ + CP 
The storage market equilibrium curve (SME) is postively sloped and can 
be drawn as SME in Figure B.l. As indicated in Figure B.l, the 
simultaneous equilibrium in the cash and storage market is represented 
by K, and yields the equilibrium values of the cash price, CP* and 
futures price, FP*. 
FP 
SME 
CME 
CP 
CP* 
Figure B.l. Cash and futures prices required for 
equilibrium in cash and storage markets 
